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A b s t r a c t

VISUAL NOISEi IT S  EFFECT ON PATTERN DISCRIMINATION IN 

PIGEONS BEFORE AND AFTER LESIONS OF THE VISUAL SYSTEM

t y

B e v e r l y  V. West

A d v i s o r i  P r o f e s s o r  w i l l i a m  H odos

R e c e n t  a n a t o m i c a l *  p h y s i o l o g i c a l  an d  b e h a v i o r a l  s t u d i e s  

o f  t h e  a v i a n  v i s u a l  s y s t e m  h a v e  i n d i c a t e d  t h a t  l i k e  t h e  

mammalian c o l l i c u l o f u g a l  v i s u a l  p a th w a y *  t h e  a v i a n  t e c t o -  

f u g a l  v i s u a l  p a t h w a y  i s  i m p o r t a n t  i n  v i s u a l  f u n c t i o n .  I n  

b o t h  b i r d s  a n d  mammals,  a  num ber  o f  s t u d i e s  h a v e  a t t e m p t e d  

t o  a n a l y z e  t h e  n a t u r e  o f  t h e  d e f i c i t *  i . e . ,  t o  d e t e r m i n e  

w h e t h e r  a  s e n s o r y  d e f e c t  o r  a  l a c k  o f  a t t e n t i o n  i s  r e s p o n s i b l e  

f o r  t h e  i m p a i r m e n t s  o f  v i s u a l  p e r f o r m a n c e  f o l l o w i n g  i n t e r r u p ­

t i o n  o f  t h e  t e c t o f u g a l  p a t h w a y .  A n um ber  o f  t h e s e  e x p e r i m e n t s  

h a v e  r e p o r t e d  d e f i c i t s  on e m b e d d e d - f i g u r e s  t e s t s .  H o w e v e r ,  

a  w e a k n e s s  o f  t h e s e  t e s t s  h a s  b e e n  t h e  p a u c i t y  o f  q u a n t i t a t i v e  

d a t a  on t h e  l i m i t s  o f  p e r f o r m a n c e  o f  s u b j e c t s  w i t h  t e c t o f u g a l  

p a t h w a y  l e s i o n s .  The  p r e s e n t  e x p e r i m e n t  was  an  a t t e m p t  t o  u s e  

q u a n t i t a t i v e  m e t h o d o l o g y  b a s e d  on p s y c h o p h y s i c s  an d  i n f o r m a t i o n  

t h e o r y  i n  o r d e r  t o  g a i n  f u r t h e r  i n s i g h t  i n t o  t h e  n a t u r e  o f  t h e  

d e f i c i t .  The  t e c h n i q u e  u s e d  r e q u i r e d  t h e  s u b j e c t s  t o  p e r f o r m  

a  s i m p l e  v i s u a l  d i s c r i m i n a t i o n  i n  t h e  p r e s e n c e  o f  p r o g r e s s i v e l y  

i n c r e a s i n g  l e v e l s  o f  v i s u a l  n o i s e .  I n  o t h e r  w o r d s ,  t h e  s u b j e c t s



w e re  r e q u i r e d  t o  p e r f o r m  a t  t h e  l i m i t s  o f  t h e i r  a b i l i t y  

t o  e x t r a c t  i n f o r m a t i o n  f ro m  a  n o i s y  i n f o r m a t i o n  c h a n n e l .

F o u r t e e n  p i g e o n s  (Co lum ba  l i v i a ) w e r e  t r a i n e d  t o  

d i s c r i m i n a t e  two p l a n o m e t r i c  p a t t e r n s .  Once p a t t e r n  d i s ­

c r i m i n a t i o n  was a c h i e v e d ,  v a r i o u s  p e r c e n t a g e s  o f  s t a t i c  

v i s u a l  n o i s e  w e r e  i n t r o d u c e d  i n  p r o g r e s s i v e  i n c r e m e n t s  d u r i n g  

d i s c r i m i n a t i o n  t e s t i n g .  U s i n g  a  v a r i a t i o n  o f  t h e  m e th o d  o f  

c o n s t a n t  s t i m u l i ,  a  p s y c h o m e t r i c  f u n c t i o n  o f  t h e  d e g r a d i n g  

e f f e c t s  o f  a d d e d  n o i s e  on  t h e  d i s c r i m i n a t i o n  was d e t e r m i n e d .

An i n d e x  o f  t h e  i n t e r f e r i n g  e f f e c t s  o f  t h i s  n o i s e  was d e r i v e d .  

T h i s  i n d e x  ( N o i s e  I n t e r f e r e n c e  I n d e x )  r e f l e c t e d  t h e  g r e a t e s t  

p e r c e n t a g e  o f  b a c k g r o u n d  n o i s e  w h ic h  t h e  p i g e o n  c o u l d  t o l e r ­

a t e  w h i l e  m a i n t a i n i n g  a  d i s c r i m i n a t i o n  p e r f o r m a n c e  o f  no l e s s  

t h a n  75% c o r r e c t .  D i s c r i m i n a t i o n  t e s t i n g  was  c o n t i n u e d  u n t i l  

f i v e  s u c c e s s i v e  s e s s i o n s  o c c u r r e d  d u r i n g  w h ic h  t h e  n o i s e  i n t e r ­

f e r e n c e  i n d e x  was  s t a b l e .

A f t e r  s a t i s f y i n g  t h e  s t a b i l i t y  c r i t e r i o n ,  e a c h  p i g e o n  

was a n e s t h e t i z e d  an d  s u b j e c t e d  t o  b i l a t e r a l ,  e l e c t r o l y t i c  

l e s i o n s  w h ic h  w e r e  s t e r e o t a x i c a l l y  a im e d  a t  t h e  e c t o s t r i a t u m  

( t h e  t e l e n c e p h a l i c  t a r g e t  o f  t h e  t e c t o f u g a l  p a t h w a y ) ,  v i s u a l  

w u l s t  ( t e l e n c e p h a l i c  t a r g e t  o f  t h e  a v i a n  e q u i v a l e n t  o f  t h e  

g e n i c u l o s t r i a t e  p a t h w a y )  o r  c o n t r o l  a r e a s .

A f t e r  p o s t o p e r a t i v e  r e c o v e r y ,  t e s t i n g  was r e su m e d  u s i n g  

t h e  same p r e o p e r a t i v e  p r o c e d u r e s .



The r e s u l t s  r e v e a l e d  t h a t  p i g e o n s  w i t h  e c t o s t r i a t u m  

( t e c t o f u g a l )  l e s i o n s  showed s i g n i f i c a n t l y  l e s s  t o l e r a n c e  

t o  v i s u a l  n o i s e  t h a n  d i d  p i g e o n s  w i t h  v i s u a l  w u l s t  ( g e n i -  

c u l o s t r i a t e )  l e s i o n s  o r  c o n t r o l  l e s i o n s .  The r e s u l t s  

i n d i c a t e  t h a t  t h e  d e f i c i t s  o b s e r v e d  a f t e r  l e s i o n s  o f  t h e  

t e c t o f u g a l  p a t h w a y  may be  t h e  r e s u l t  o f  a n  i n a b i l i t y  t o  

s u p p r e s s  t h e  i r r e l e v a n t  a s p e c t s  o f  t h e  v i s u a l  e n v i r o n m e n t .  

The r e s u l t s  a r e  d i s c u s s e d  i n  t h e  c o n t e x t  o f  i n f o r m a t i o n  

t h e o r y ,  a t t e n t i o n  t h e o r y ,  s i g n a l  d e t e c t i o n  an d  r e s p o n s e  

i n h i b i t i o n .  The i m p l i c a t i o n s  o f  t h e s e  f i n d i n g s  f o r  r e s e a r c h  

on t h e  m ammalian  v i s u a l  s y s t e m  a r e  a l s o  d i s c u s s e d .
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PREFACE

" E a c h  a c t u a l  p s y c h o p h y s i c a l  p r o c e s s  d e p e n d s  
on a  d e f i n i t e  c o m p le x  o f  c o n d i t i o n s ,  i n c l u d i n g !
( a )  t h e  t o t a l  c o n f i g u r a t i o n  o f  t h e  s t i m u l u s  u p o n  
t h e  r e t i n a  i n  t h e  p a r t i c u l a r  c a s e ,
( b )  t h e  r e l a t i v e l y  c o n s t a n t  h i s t o l o g i c a l  a n d  
m a t e r i a l  p r o p e r t i e s  o f  t h e  o p t i c a l - s o m a t i c  s y s t e m ,
( c )  t h e  r e l a t i v e l y  v a r i a b l e  c o n d i t i o n i n g  f a c t o r s  
a t t r i b u t e d  p r i m a r i l y  t o  t h e  r e m a i n d e r  o f  t h e  
n e r v o u s  s y s t e m  a n d  s e c o n d a r i l y  t o  t h e  v a s c u l a r  
s y s t e m . "

W. K o h l e r ,  1920  [ p .  262]

No c u r r e n t  t h e o r e t i c a l  s t a t e m e n t  c o u l d  m o re  a p t l y  

i n t r o d u c e  o r  d e s c r i b e  t h e  n a t u r e  o f  t h e  d i s s e r t a t i o n  t h a t  

f o l l o w s .  The  G e s t a l t  p r i n c i p l e s  o f  p a t t e r n  o r g a n i z a t i o n  

an d  f i g u r e - g r o u n d  r e l a t i o n s h i p s  s u m m a r i z e  many o f  t h e  f e a ­

t u r e s  t h a t  t h e  v i s u a l  s y s t e m  a l l e g e d l y  e x t r a c t s  f r o m  p a t t e r n  

s t i m u l i  an d  t r a n s m i t s  i n  s i m p l e  c o d e  t o  h i g h e r  l e v e l s  f o r  

f u r t h e r  p r o c e s s i n g .  W h i l e  t h e  t r a d i t i o n a l  G e s t a l t i s t s '  b r a i n  

m o d e l  d i d  n o t  a f f o r d  a n  a d e q u a t e  e x p l a n a t i o n  o f  how t h i s  

p s y c h o p h y s i c a l  p h e n o m e n a  c o u l d  b e  a c c o m p l i s h e d ,  t h e  G e s t a l t  

t h e o r i s t s '  c l a i m  t h a t  s t i m u l u s  c o n f i g u r a t i o n  i s  a  m a i n  d e t e r ­

m i n a n t  o f  p e r c e p t u a l  o r g a n i z a t i o n  s t i l l  p r o v o k e s  e x p e r i m e n t a l  

i n t e r e s t .  The  w o rk  t h a t  f o l l o w s  i n t e g r a t e s  t h i s  i n t e r e s t  w i t h  

c o n t e m p o r a r y  t h e o r i e s  o f  i n f o r m a t i o n  p r o c e s s i n g  i n  an  a t t e m p t  

t o  p r o v i d e  some i n s i g h t  i n t o  t h e  r e l a t i o n s h i p  o f  b r a i n  p h y s i o l  

o gy  a n d  t h e  p e r c e p t i o n  o f  s t i m u l u s  c o n f i g u r a t i o n s .



T h i s  d i s s e r t a t i o n  was s k i l l f u l l y  d i r e c t e d  by D r .  W i l l i a m  
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INTRODUCTION

R e c e n t  e x a m i n a t i o n s  o f  t h e  a n a to m y ,  p h y s i o l o g y  and  

b e h a v i o r  o f  a v i a n  v i s u a l  s y s t e m s  h a v e  r e v e a l e d  t h a t  many 

v i t a l  v i s u a l  f u n c t i o n s  d ep e n d  upon t h e  i n t e g r i t y  o f  two 

v i s u a l  p a t h w a y s  a s c e n d i n g  t o  t h e  t e l e n c e p h a l o n ,  n a m e l y ,  t h e  

t e c t o f u g a l  and  t h a l a m o f u g a l  v i s u a l  p a t h w a y s . *  When e i t h e r  

o f  t h e s e  p a t h w a y s  i s  d i s r u p t e d ,  v i s u a l  d i s c r i m i n a t i o n  i s  

i m p a i r e d .  What i s  t h e  n a t u r e  o f  t h i s  i m p a i r m e n t ?  A re  t h e  

b e h a v i o r a l  v i s u a l  l o s s e s  o b s e r v e d  a f t e r  v i s u a l  s y s t e m  i n j u r y  

t h e  r e s u l t  o f  t h e  l o s s  o f  a  s p e c i f i c  a n a l y z e r  f u n c t i o n  t h a t  

r e s i d e s  i n  t h e  i n j u r e d  c e l l s ?  T h i s  q u e s t i o n  c h a r a c t e r i z e s  

t h e  g e n e r a l  t o p i c  o f  t h i s  d i s s e r t a t i o n .  The s p e c i f i c  t o p i c  

o f  t h i s  s t u d y  i s  t h e  n a t u r e  o f  t h e  d e f e c t s  f o l l o w i n g  i n j u r y  

t o  t h e  t e l e n c e p h a l i c  c o m p o n e n t s  o f  t h e s e  p a t h w a y s  i n  p i g e o n s .  

T h e s e  a r e  t h e  e c t o s t r i a t u m  ( t e c t o f u g a l  co m p o n e n t )  and  t h e  

v i s u a l  w u l s t  ( t h a l a m o f u g a l  c o m p o n e n t ) .

*The  t e r m s  t e c t o f u g a l  p a t h w a y  and t h a l a m o f u g a l  p a t h w a y  a r e  
m i sn o m e rs  s i n c e  b o t h  p a t h w a y s  h a v e  a  r e t i n a l  o r i g i n  and  b o t h  
h a v e  t h a l a m i c  c o m p o n e n t s .  T h e s e  t e r m s  w e re  c h o s e n  ( K a r t e n ,
1969!  K a r t e n  & H o d o s ,  1 9 7 0 j  N a u t a  & K a r t e n ,  1970 j  K a r t e n ,
Hodos ,  N a u t a  & R e v z i n ,  1 9 7 3 )  t o  u n d e r s c o r e  t h e  m a in  f i b e r  s o u r c e s  
o f  t h e s e  p a t h w a y s ,  i . e . ,  t h e  e x t e n s i v e  a f f e r e n t a t i o n  o f  n u c l e u s  
r o t u n d u s  t h a l a m i  by t h e  o p t i c  t e c t u m  i n  t h e  t e c t o f u g a l  p a th w a y  
and t h e  e x t e n s i v e  a f f e r e n t a t i o n  o f  t h e  t e l e n c e p h a l i c  n u c l e i  
h y p e r s t r i a t u m  d o r s a l e  and  i n t e r c a l a t u s  h y p e r s t r i a t i  a c c e s s o r i i  
by t h e  n u c l e u s  o p t i c u s  p r i n c i p a l i s  t h a l a m i  i n  t h e  t h a l a m o f u g a l  
p a t h w a y .
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P i g e o n s  a r e  t h e  s u b j e c t s  o f  c h o i c e  b e c a u s e  t h e  

a v i a n  s y s t e m  i s  h i g l y  s p e c i a l i z e d  f o r  p r e c i s i o n  i n  v i s u a l  

p r o c e s s i n g  ( s e e  H o d o s ,  197&J D onovan ,  1 9 7 8 .  f o r  r e v i e w ) .  

I n  c o m p a r i s o n  t o  o t h e r  v e r t e b r a t e  c l a s s e s ,  a  g r e a t e r  p r o ­

p o r t i o n  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  o f  b i r d s  i s  d e v o t e d  

t o  t h e  p r o c e s s i n g  o f  v i s u a l  i n f o r m a t i o n  and t h e  m a i n t e n ­

a n c e  o f  v i s u a l - m o t o r  c o o r d i n a t i o n .

Anatomy and d i s c r i m i n a t i v e  c a p a c i t i e s  o f  t e c t o f u g a l  and  

t h a l a m o f u g a l  p a t h w a y s

I n  b i r d s  a  c o m p l e t e  d e c u s s a t i o n  o f  r e t i n a l  f i b e r s  

o c c u r s  a t  t h e  o p t i c  c h i a s m  ( P e r l i a ,  1 8 8 9 ) ,  Upon l e a v i n g  

t h e  c h i a s m ,  ( F i g .  1)  o p t i c  f i b e r s  t e r m i n a t e  i n  t h e  o p t i c  

t e c t u m  ( c o m p a r a b l e  t o  t h e  r e t i n o - r e c i p i e n t  l a y e r s  o f  

t h e  mammalian s u p e r i o r  c o l l i c u l i ) ,  t h e  p r i n c i p a l  o p t i c  

n u c l e u s  o f  t h e  t h a l a m u s  w h ich  i s  c o m p a r a b l e  t o  t h e  p a r s  

d o r s a l i s  o f  t h e  mammalian  l a t e r a l  g e n i c u l a t e ,  t h e  p a r s  

v e n t r a l i s  o f  t h e  l a t e r a l  g e n i c u l a t e  n u c l e u s ,  t h e  p r e ­

t e c t a l  n u c l e i ,  t h e  e c t o m a m m i l l a r y  n u c l e u s  ( m e d i a l  a c c e s ­

s o r y  o p t i c  n u c l e u s ) ,  t h e  s u p r a c h i a s m a t i c  h y p o t h a l a m i c  

n u c l e u s ,  and t h e  l e n t i f o r m  m e s e n c e p h a l i c  n u c l e u s  ( l a t e r a l  

a c c e s s o r y  o p t i c  n u c l e u s ) ,  ( C a j a l ,  1 8 9 9 i  Cowan, Adamson & 

F o w e l l ,  I 96 I 1 K a r t e n  & N a u t a ,  1 9 6 8 j  M e i e r  & C uenod ,  1 9 7 3 i



TECTOFUGAL PATHWAY THALAMOFUGAL PATHWAY



F i g ,  1 ,  A p a r a s a g i t t a l  v i e w  o f  two p a t h w a y s  i n  t h e  a v i a n  v i s u a l  s y s t e m .

CB
A b b r e v i a t i o n s
c e r e b e l l u m

E - e c t o s t r i a t u m

GLV - n u c l e u s  g e n i c u l a t e  l a t e r a l i s ,  p a r s  v e n t r a l i s
HA - h y p e r s t r i a t u m  a c c e s s o r i u m
HD h y p e r s t r i a t u m  d o r s a l s
HIS - h y p e r s t r i a t u r a  i n t e r c a l u t u s  su p rem a
IHA - n u c l e u s  i n t e r c a l a t u s  h y p e r s t r i a t i  a c c e s s o r i i
OPT - n u c l e u s  o p t i c u s  p r i n c i p a l i s  t h a l a m i
PE - p e r i - e c t o s t r i a t a l  a r e a
R - n u c l e u s  r o t u n d u s
SP - n u c l e u s  s u b p r e t e c t a l i s
T - n u c l e u s  t r i a n g u l a r i s
TEO t e c t u m  o p t i c u m
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R e p e r a n t  & A n g a u t ,  1 9 7 7 ) .  B e c a u s e  m o s t  o f  t h e  r e t i n a l  

f i b e r s  p r o j e c t  t o  t h e  t e c t u m ,  much o f  t h e  r e s e a r c h  on 

a v i a n  v i s u a l  a n a to m y  h a s  f o c u s e d  on t e c t o f u g a l  p a t h w a y s .  

B o th  a n a t o m i c a l  a n d  e l e c t r o p h y s i o l o g i c a l  s t u d i e s  h a v e  

t r a c e d  t h e  r e t i n o t e c t a l  p a t h w a y  t o  t e l e n c e p h a l i c  l e v e l s  

{ K a r t e n  & R e v z i n ,  19661 K a r t e n  & H o d o s ,  1 9 7 0 ) .

The a v i a n  t e c t o f u g a l  t r a c t  h a s  b e e n  i m p l i c a t e d  

i n  v i s u a l  f u n c t i o n .  M a s s i v e  l e s i o n s  o f  t h e  o p t i c  t e c t u m  

l e a d  t o  i r r e v e r s i b l e  d e f i c i t s  i n  d i f f i c u l t  p a t t e r n  

d i s c r i m i n a t i o n s  (H odos  & K a r t e n ,  197*M J a r v i s ,  1 9 7 * 0 .

The p e r f o r m a n c e  o f  i n t e n s i t y  and  s i m p l e  p a t t e r n  d i s ­

c r i m i n a t i o n  i s  e n t i r e l y  d i s r u p t e d  (Hodos  & K a r t e n ,  1 9 7 4 ) .  

N u c l e u s  r o t u n d u s ,  t h e  t h a l a m i c  c o m p o n e n t ,  i s  t h e  m a j o r  

t h a l a m i c  r e c i p i e n t  o f  a s c e n d i n g  f i b e r s  f ro m  t h e  o p t i c  

t e c t u m  ( K a r t e n  & R e v z i n ,  1966* R e v z i n  & K a r t e n ,  1966 /

I 9 6 8 ) .  S e v e r e  b i l a t e r a l  i n j u r y  t o  t h i s  n u c l e u s  a l s o  

r e s u l t s  i n  i m p a i r e d  p e r f o r m a n c e  o f  b r i g h t n e s s  and p a t t e r n  

d i s c r i m i n a t i o n s  (H odos  & K a r t e n ,  1966* Hodos  & F l e t c h e r ,  

1974* H odos  & B o n b r i g h t ,  1 9 7 4 ) .  Only a f t e r  e x t e n s i v e  

p o s t o p e r a t i v e  r e t r a i n i n g  i s  t h e r e  a  g r a d u a l  r e t u r n  t o  

p r e o p e r a t i v e  p e r f o r m a n c e  l e v e l s .

Some c o n t r o v e r s y  h a s  e x i s t e d  i n  t h e  l i t e r a t u r e  a s  

t o  t h e  t e l e n c e p h a l i c  d e s t i n a t i o n  o f  r o t u n d a l  e f f e r e n t s .  

Cowan, Adamson and  P o w e l l  ( 1 9 6 1 ) u s i n g  r e t r o g r a d e  d e g e n e r -
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a t i o n  t e c h n i q u e s  c o n t e n d e d  t h a t  f i b e r s  o f  n u c l e u s  

r o t u n d u s  t e r m i n a t e  i n  p a l e o s t r i a t u m  a u g m e n ta tu m .  How­

e v e r ,  R e v z i n  and  K a r t e n  ( 1966 / 1 9 6 7 ) d e t e r m i n e d  e l e c t r o -  

p h y s i o l o g i c a l l y  t h a t  n u c l e u s  r o t u n d u s  p r o j e c t s  m a i n l y  

t o  t h e  c o r e  o f  t h e  e c t o s t r i a t u m  v i a  t h e  t h a l a m o f u g a l  

t r a c t  and  a t t r i b u t e d  t h e  f i n d i n g s  o f  Cowan and  a s s o c i ­

a t e s  ( 1 9 6 1 ) t o  t h e  i n t e r r u p t i o n  o f  f i b e r s  o f  p a s s a g e  

e m a n a t i n g  f r o m  n u c l e u s  r o t u n d u s  and p a s s i n g  t h r o u g h  t h e  

l a t e r a l  p o r t i o n  o f  p a l e o s t r i a t u m  a u g m e n ta tu m  en  r o u t e  

t o  e c t o s t r i a t u m .  K a r t e n  an d  H odos  ( 1 9 7 0 )  u s i n g  b o th  

a n t e r o g r a d e  and  r e t r o g r a d e  m e t h o d s  f o u n d  s u p p o r t  f o r  

t h i s  i n t e r p r e t a t i o n .  B e n o w i t z  and  K a r t e n  ( 1 9 7 6 )  w e n t  a  

s t e p  f u r t h e r  i n  d e m o n s t r a t i n g  a  t o p o g r a p h i c a l  p r o j e c t i o n  

o f  f i b e r s  f ro m  n u c l e u s  r o t u n d u s  t o  e c t o s t r i a t u m .  Hodos  

an d  K a r t e n  ( 1 9 7 0 )  r e p o r t e d  t h a t  b i l a t e r a l  e l e c t r o l y t i c  

l e s i o n s  o f  e c t o s t r i a t u m  r e s u l t e d  i n  i m p a i r e d  p e r f o r m a n c e  

o f  v i s u a l  i n t e n s i t y  and p a t t e r n  d i s c r i m i n a t i o n s .  More­

o v e r ,  a  p o s i t i v e  c o r r e l a t i o n  was f o u n d  b e t w e e n  t h e  

e x t e n t  o f  t h e  l e s i o n s  and  t h e  am oun t  o f  p o s t o p e r a t i v e  

r e t r a i n i n g  r e q u i r e d  f o r  r e c o v e r y  o f  c r i t e r i o n  p e r f o r m a n c e .

A s e c o n d  a s c e n d i n g  v i s u a l  p a t h w a y  i n  b i r d s  i s  t h e  

t h a l a m o f u g a l  t r a c t .  T h i s  p a t h w a y  p a s s e s  f r o m  t h e  r e t i n a  

t o  t h e  p r i n c i p l e  o p t i c  n u c l e u s  o f  t h e  t h a l a m u s  (OPT) ,  a  

c o m p lex  o f  f o u r  n u c l e a r  m a s s e s ,  v i z . ,  t h e  d o r s a l  and  v e n t r a l  

p o r t i o n s  o f  n u c l e u s  d o r s o l a t e r a l i s  a n t e r i o r ,  p a r s  l a t e r a l i s  

(DLLd and DLLvJt n u c l e u s  l a t e r a l i s  a n t e r i o r  (LA)j  and
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n u c l e u s  d o r s o l a t e r a l i s  a n t e r i o r ,  p a r s  m a g n o c e l l u l a r i s  

(DLAmc). T he  OPT i n  t u r n  s e n d s  e f f e r e n t s  v i a  t h e  l a t e r a l  

f o r e b r a i n  b u n d l e  t o  a  h y p e r s t r i a t a l  p o r t i o n  o f  t h e  t e l e n ­

c e p h a l o n  known a s  t h e  v i s u a l  w u l s t  (Cowan, e t  a l . »  1961* 

P o w e l l  & Cowan, 1 9 6 1 ;  H i r s h b e r g e r ,  1 9 6 7 i  K a r t e n  & N a u t a ,

1968? H u n t  & W e b s t e r ,  1 9 7 2 |  K a r t e n ,  e t  a l . ,  1 9 7 3 ;  M e i e r ,  

e t  a l . ,  197*0 M i c e l i ,  e t  a l . ,  1 9 7 5 ) .  H o w e v e r ,  a c c o r d i n g  t o  

H u n t  and W e b s t e r  (197,2) and M e i e r  an d  a s s o c i a t e s  ( 1 9 7 * 0 ,  

o n l y  t h e  d o r s o l a t e r a l  r e t i n a l  i n p u t  f ro m  DLLd and DLLv p r o ­

j e c t  t o  t h e  v i s u a l  w u l s t .

The v i s u a l  w u l s t  c o n s i s t s  o f  tw o  g r a n u l e  c e l l  l a y e r s  

( t h e  d o r s a l  h y p e r s t r i a t u m  (HD),  t h e  i n t e r c a l a t e d  n u c l e u s  o f  

t h e  a c c e s s o r y  h y p e r s t r i a t u m  (IHA) a s  w e l l  a s  two a g r a n u l a r  

c e l l  l a y e r s  ( t h e  a c c e s s o r y  h y p e r s t r i a t u m  (HA),  t h e  i n t e r c a ­

l a t e d  n u c e l u s  o f  t h e  su p re m e  h y p e r s t r i a t u m  (H IS )  ) .  Only t h e  

" g r a n u l a r  w u l s t "  (IHA and HD) r e c e i v e  t h e  f i b e r s  f ro m  OPT. 

M o r e o v e r ,  t h e  r e c e p t i v e  f i e l d s  o f  IHA a r e  d e s c r i b e d  a s  s m a l l ,  

and c a p a b l e  o f  r e g i s t e r i n g  f i n e  d e t a i l  ( R e v z i n ,  1969* 

O ' P l a h e r t y  a n d  I n v e r n i z z i ,  1 9 7 2 ) .  M o r e o v e r ,  R e v z i n  ( 1 9 6 9 ) 

r e p o r t e d  t h e  p r e s e n c e  o f  h o r i z o n t a l  d e t e c t o r  c e l l s  a s  w e l l  

a s  c o l u m n a r  and r e t i n o p i c  o r g a n i z a t i o n  o f  UHA c e l l s .

As t o  t h e  v i s u a l  b e h a v i o r  t h a t  may b e  m e d i a t e d  by t h e  

t h a l a m o f u g a l  n e t w o r k ,  Hodos  and  B o n b r i g h t  (197*0 o b s e r v e d  

s m a l l  p e r m a n e n t  i n c r e a s e s  i n  i n t e n s i t y  d i f f e r e n c e  t h r e s h o l d s  

i n  p i g e o n s  s u s t a i n i n g  damage t o  t h e  OPT c o m p le x .  H o w ev e r ,  no 

s i g n i f i c a n t  o r  p e r m a n e n t  d e f i c i t s  i n  n e a r  f i e l d  v i s u a l  a c u i t y
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h a v e  b e e n  o b s e r v e d  i n  p i g e o n s  s u s t a i n i n g  OPT l e s i o n s  (Macko,  

1978)  o r  l e s i o n s  o f  t h e  g r a n u l a r  v i s u a l  w u l s t  (H o d o s ,  e t  a l . ,  

i n  p r e p ) .  Tuge  and  Shima ( 1 9 5 9 )  f o u n d  t h a t  two p i g e o n s  

w i t h  t o t a l  h y p e r s t r i a t a l  l e s i o n s  c o u l d  n o t  d i s c r i m i n a t e  

b e t w e e n  a  w h i t e  an d  a  r e d  l i g h t  when b o t h  w e re  u s e d  a s  c o n d i ­

t i o n a l  s t i m u l i ,  Z e i g l e r  ( 1 9 6 3 )  a l s o  r e p o r t e d  s e v e r e  d e f i c i t s  

i n  p a t t e r n  d i s c r i m i n a t i o n  a f t e r  a b l a t i o n  o f  m o s t  o f  t h e  

h y p e r s t r i a t u m .  T h e s e  d e f i c i t s ,  h o w e v e r ,  a r e  m o s t  l i k e l y  d u e  

t o  e x t e n s i v e  damage t o  t h e  v e n t r a l  p o r t i o n  o f  t h e  h y p e r s t r i ­

a tu m ,  s i n c e  l e s i o n s  r e s t r i c t e d  t o  t h e  g r a n u l a r  v i s u a l  w u l s t  

r e s u l t  i n  l i t t l e  o r  no i m p a i r m e n t s  i n  p a t t e r n  and i n t e n s i t y  

d i s c r i m i n a t i o n .  Some e v i d e n c e  t o  s u p p o r t  t h i s  c o n t e n t i o n  was 

r e p o r t e d  by M a c p h a i l  (1969s  1 9 71)  who f a i l e d  t o  o b s e r v e  any  

d e t r i m e n t a l  e f f e c t s  o f  s m a l l  l e s i o n s  w i t h i n  t h e  g r a n u l a r  

v i s u a l  w u l s t  on s i m u l t a n e o u s  b r i g h t n e s s  d i s c r i m i n a t i o n ;  s i m ­

i l a r l y ,  H o d o s ,  K a r t e n  and B o n b r i g h t  (1 9 7 3 )  o b s e r v e d  no 

i m p a i r m e n t  i n  t h e  r e t e n t i o n  o f  s i m u l t a n e o u s  d i s c r i m i n a t i o n s  

o f  e i t h e r  b r i g h t n e s s  o r  p a t t e r n  i n  p i g e o n s  s u s t a i n i n g  g r a n u l a r  

v i s u a l  w u l s t  i n j u r y .  T h u s ,  t h e  e v i d e n c e  w ould  seem t o  w a r r a n t  

t h e  c o n c l u s i o n  t h a t  t e c t o f u g a l  i n j u r y  i n d u c e s  s e v e r e  v i s u a l  

d e f i c i t s  w h i l e  t h a l a m o f u g a l  damage d o e s  n o t .

A c c o r d i n g  t o  H odos  and  B o n b r i g h t  ( 1 9 7 ^ ) ,  t h a l a m o f u g a l  

damage d o e s  i n d u c e  v i s u a l  d e f e c t s .  T he  a u t h o r s  e x p l a i n  t h a t  

i m p a i r m e n t s  i n  v i s u a l  d i s c r i m i n a t i o n  w e re  n o t  e v i d e n t  i n  

p r e v i o u s  e x a m i n a t i o n s  o f  p i g e o n s  s u s t a i n i n g  t h a l a m o f u g a l  

damage b e c a u s e  c o a r s e  d i s c r i m i n a t i o n  t e s t s  w e re  u sed  t o  a s s e s s
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v i s u a l  c a p a c i t y .  C o a r s e  d i s c r i m i n a t i o n  t e s t s  a r e  d e f i n e d  a s  

t h o s e  t e s t s  w h ic h  m e a s u r e  v i s u a l  r e s p o n s e s  t o  g r o s s  d i f f e r ­

e n c e s  i n  t h e  i n t e n s i t i e s  o r  p a t t e r n s  o f  v i s u a l  s t i m u l i .  H odos  

an d  B o n b r i g h t  e x p r e s s e d  t h e  o p i n i o n  t h a t  a  d i s r u p t i o n  o f  t h e  

t h a l a m o f u g a l  p a t h w a y  i n d u c e s  v i s u a l  d e f i c i e n c i e s  w h ich  a r e  t o o  

s u b t l e  t o  be  m e a s u r e d  by c o a r s e  d i s c r i m i n a t i o n  t e s t s ,  e . g . ,  

h o r i z o n t a l  v s .  v e r t i c a l  b a r s .  T h u s  H odos  an d  B o n b r i g h t  (197*0 

u s e d  a n  a l t e r n a t i v e  m e a s u r e  t h e y  h a d  p r e v i o u s l y  d e v e l o p e d  

( 1 9 7 2 )  w hich  e m p lo y s  a  p s y c h o p h y s i c a l  t e c h n i q u e .  T h i s  m e thod  

s y s t e m a t i c a l l y  f o r c e s  a  p i g e o n  t o  d i s c r i m i n a t e  p r o g r e s s i v e l y  

s m a l l e r  d i f f e r e n c e s  i n  a  v i s u a l  s t i m u l u s .  T he  l i m i t  o f  t h e  

p i g e o n * s  d i s c r i m i n a t i v e  c a p a c i t y  i s  t h u s  d e t e r m i n e d  f r o m  t h e  

r e s u l t i n g  p s y c h o m e t r i c  f u n c t i o n .  When p i g e o n s  w i t h  t h a l a m o ­

f u g a l  damage w e r e  t e s t e d  w i t h  t h i s  p r o c e d u r e ,  t h e  b i r d s  d i s ­

p l a y e d  i n c r e a s e s  i n  l i g h t  i n t e n s i t y  t h r e s h o l d s  (Hodos  & Bon­

b r i g h t ,  197*+* P a s t e r n a k  & H o d o s ,  1 9 77)*  Some o f  t h e  d e f i c i t s  

w e r e  p e r m a n e n t  (H odos  & B o n b r i g h t ,  197*+)* T h u s ,  t h e  p s y c h o ­

p h y s i c a l  m e th o d  p r o v e d  t o  be m ore  e f f e c t i v e  i n  m e a s u r i n g  

v i s u a l  d y s f u n c t i o n  a f t e r  t h a l a m o f u g a l  i n j u r y .

I n t e r n a l  an d  e x t e r n a l  v i s u a l  n o i s e  a s  d e t e r m i n a n t s  o f  v i s u a l  

d e f i c i t s

As t o  t h e  n a t u r e  o f  v i s u a l  d e f i c i t s  r e s u l t i n g  f ro m  

t e c t o f u g a l  o r  t h a l a m o f u g a l  dam age ,  H odos  and  B o n b r i g h t  (197*+) 

p u t  f o r t h  two h y p o t h e s e s *  F i r s t ,  t h e y  p o s t u l a t e d  t h a t
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" v i s u a l  d i s c r i m i n a t i o n  i m p a i r m e n t s  r e f l e c t  t h e  p i g e o n ' s  

i n a b i l i t y  t o  f i l t e r  o u t  e x t r a n e o u s  o r  i r r e l e v a n t  a s p e c t s  

o f  t h e  v i s u a l  w o r l d " .  T h i s  h y p o t h e s i s  i s  b a s e d  on  a  s i g n a l  

d e t e c t i o n  a n a l y s i s  o f  i n c r e a s e d  i n t e n s i t y  d i f f e r e n c e  t h r e s h ­

o l d s  w h ic h  w e re  o b t a i n e d  f r o m  p i g e o n s  s u s t a i n i n g  damage t o  

t h a l a m i c  c o m p o n e n t s  o f  t h e  v i s u a l  s y s t e m  (H o d o s  a n d  B o n b r i g h t ,  

197*0 • T h e  a n a l y s i s  r e v e a l e d  t h a t  p o s t o p e r a t i v e  i n c r e a s e s  i n  

i n t e n s i t y  d i f f e r e n c e  t h r e s h o l d s  r e s u l t e d  f r o m  d e c r e a s e s  i n  

s t i m u l u s  d e t e c t a b i l i t y  and  n o t  c h a n g e s  i n  r e s p o n s e  b i a s  o r  

m o t i v a t i o n a l  s t a t e s .  I n  a c c o r d a n c e  w i t h  t h e  a s s u m p t i o n s  o f  

s i g n a l  d e t e c t i o n  t h e o r y ,  H odos  and  B o n b r i g h t  (197*0  s u g g e s t e d  

t h a t  d i s r u p t i o n  o f  e i t h e r  t e c t o f u g a l  o r  t h a l a m o f u g a l  p a t h w a y s  

w ou ld  i n c r e a s e  t h e  i n t e r n a l  n o i s e  i n  t h e  v i s u a l  s y s t e m ,  

t h e r e b y  a d d i n g  t o  t h e  e x p e r i m e n t a l l y  i n d u c e d  n o i s e  t o  mask 

t h e  s i g n a l  ev en  m o r e .  I n t e r n a l  n o i s e ,  a c c o r d i n g  t o  G re e n  and 

S w e t s  ( 1 9 6 6 )  i s  s p o n t a n e o u s  n e u r a l  a c t i v i t y  w h ic h  i s  ad d ed  t o  

a l l  i n c o m i n g  n o i s e  o r  s i g n a l  p l u s  n o i s e .  The a d v e r s e  e f f e c t  

o f  i n t e r n a l  n o i s e  on v i s u a l  p e r c e p t i o n  h a s  b e e n  c l e a r l y  

d e m o n s t r a t e d  i n  e l d e r l y  humans  w h e re  n e r v e  c e l l  d e g e n e r a t i o n  

r e s u l t s  i n  h i g h  l e v e l s  o f  random  n e u r a l  a c t i v i t y  ( W e l f o r d ,

1 9 5 3 ) .  More recently, visual masking experiments which employ 
external visual noise as masks reveal age differences in 
humans in backward masking (Kline & Szafran, 1 9 75)  Walsh, 1 9 7 6 ) .  

That is, the older subjects were found to be more susceptible 
to the masking effect when long delays were imposed between 
the target and masking stimulus in a monoptic paradigm
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( S z a f r a n ,  1 9 7 5 ) •  W h i le  i n  a  d i c h o p t i c  m o d e l ,  e l d e r l y  s u b j e c t s  

t o o k  a  l o n g e r  p e r i o d  o f  t i m e  t o  e s c a p e  e f f e c t s  ( W a l s h ,  1 9 7 6 ) ,  

T h u s ,  i t  i s  q u i t e  p o s s i b l e  t h a t  n e u r a l  n o i s e ,  w h e t h e r  n a t u r a l ­

l y  o r  a r t i f i c i a l l y  i n d u c e d  a t  c e n t r a l  l e v e l s ,  c a n  i n t e r f e r e  

w i t h  c e n t r a l  p r o c e s s i n g  o f  v i s u a l  i n f o r m a t i o n  i n  p i g e o n s .

The s e c o n d  h y p o t h e s i s  p r o p o s e d  by H o d o s  and  B o n b r i g h t  

was t h a t  t h e  t e l e n c e p h a l i c  c o m p o n e n t s  o f  t h e  v i s u a l  s y s t e m  

a r e  i n v o l v e d  i n  t h e  f i l t e r i n g  p r o c e s s ,  t h a t  t h e  f u n c t i o n  o f  

t h e s e  c o m p o n e n t s  i s  t o  r e l a t e  a  v i s u a l  s t i m u l u s  t o  an  a p p r o p r i ­

a t e  c o n t e x t  by f i l t e r i n g  o u t  i r r e l e v a n t  i n f o r m a t i o n .

A r e c e n t  e x p e r i m e n t  s t r o n g l y  s u g g e s t s  t h e  n e c e s s i t y  f o r  

v i s u a l  f i l t e r i n g .  M e z r i c h  ( 1 9 7 9 )  a s s e r t e d  t h a t  a  b a n d - p a s s  

f i l t e r i n g  m ech an ism  i s  r e q u i r e d  f o r  human v i s i b i l i t y  o f  p a t ­

t e r n s  embedded i n  n o i s e .  I n  an  e x p e r i m e n t  u s i n g  t h e  c o n t r a s t  

r e v e r s a l  e f f e c t  a c h i e v e d  by R o s e * s  (197*0  t e c h n i q u e  o f  

s y s t e m a t i c  d o t  d e l e t i o n ,  M e z r i c h  p r o p o s e d  t h a t  l o w - p a s s  

s p a t i a l  f i l t e r i n g  a c t s  t o  e n h a n c e  t h e  v i s i b i l i t y  o f  t r i a n g l e s  

s u p p o r t e d  by a  d o t t e d  b a c k g r o u n d .  The s o l i d  l i n e s  b o u n d i n g  

t h e  t r i a n g l e s  do n o t  a c t u a l l y  e x i s t ,  t h u s  l o w - p a s s  f i l t e r  

m e c h a n i s m s  e n a b l e  t h e  p e r c e p t u a l  c o n s t r u c t  o f  s o l i d  l i n e s  

i n  t h e  d o t  p a t t e r n s  by  a c h i e v i n g  a  c o n n e c t i o n  o f  t h e  d o t s  t o  

fo rm  a  u n i f o r m  b a c k g r o u n d .  T h u s ,  t h e r e  may be  a  n e c e s s i t y  

f o r  a  v i s u a l  f i l t e r i n g  m ec h a n ism  i n  b i r d s  w hose  s u r v i v a l  

s t r o n g l y  d e p e n d s  upon t h e  a b i l i t y  t o  v i s u a l l y  p e n e t r a t e  a n i ­

m a l  c a m o u f l a g e  o r  t h e  a b i l i t y  t o  m i g r a t e  i n  w e a t h e r  c o n d i t i o n s
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o f  p o o r  v i s i b i l i t y .

T h e  g o a l  o f  t h i s  s t u d y  i s  t w o f o l d *  ( 1 )  t o  t e s t  t h e  

f i l t e r  h y p o t h e s i s  by f i r s t  a s s e s s i n g  t h e  a b i l i t y  o f  t h e  

i n t a c t  p i g e o n ' s  v i s u a l  s y s t e m  t o  f i l t e r  o u t  e x t e r n a l  n o i s e ,  

an d  ( 2 )  t o  o b s e r v e  t h e  c a p a c i t y  o f  t h e  p i g e o n ' s  v i s u a l  

s y s t e m  t o  f i l t e r  o u t  e x t e r n a l  v i s u a l  n o i s e  a f t e r  d e s t r u c t i o n  

o f  t h a l a m o f u g a l  o r  t e c t o f u g a l  c o m p o n e n t s .

Some c o n c e p t s  p u t  f o r t h  i n  i n f o r m a t i o n  t h e o r y  s u g g e s t  

a  m e th o d  f o r  e v a l u a t i n g  t h e  c a p a c i t y  o f  t e c t o f u g a l  an d  

t h a l a m o f u g a l  p a t h w a y s  t o  f i l t e r  o u t  i r r e l e v a n t  i n f o r m a t i o n .

One o f  t h e  m a j o r  f e a t u r e s  o f  i n f o r m a t i o n  t h e o r y  ( S h a n n o n ,

1 9 4 8 )  i s  i t s  s t i p u l a t i o n  t h a t  t h e  o u t p u t  o f  an y  c o m m u n i c a t i o n s  

s y s t e m  i s  d e t e r m i n e d  b y  n u m e r o u s  c l a s s e s  o f  i n p u t  v a r i a b l e s .  

T h u s ,  t h e  v i s u a l  s y s t e m  may be  c o n c e p t u a l i z e d  a s  a  co m m u n ica ­

t i o n s  s y s t e m  i n  w h ich  t h e  s o u r c e  o f  i n f o r m a t i o n  i s  e q u a t e d  

w i t h  t h e  v i s u a l  s t i m u l u s *  t h e  t r a n s m i t t e r  o r  e n c o d e r  f u n c t i o n  

i s  a s s i g n e d  t o  t h e  r e t i n a *  an d  t h e  r e t i n o - c o r t i c a l  p a t h w a y s  

a r e  d e s i g n a t e d  a s  c h a n n e l s  w h ic h  d i s p a t c h  t h e  i n f o r m a t i o n  t o  

v i s u o - c o r t i c a l  a r e a s  o f  t h e  b r a i n  f o r  s i g n a l . d e c o d i n g  an d  

r e s p o n s e .

U n d e r  n o r m a l  c o n d i t i o n s ,  i n f o r m a t i o n  c a n  be  e f f i c i e n t l y  

t r a n s f e r r e d  i n  t h e  v i s u a l  s y s t e m  i n  s p i t e  o f  t h e  i n h e r e n t  

n o i s e  l e v e l  o f  t h e  c h a n n e l .  H o w e v e r ,  e x t e r n a l  i n f l u e n c e s  

c o u l d  i n t r o d u c e  a d d i t i o n a l  n o i s e  w h ic h  c o u l d  h a v e  a  d i s r u p t i v e  

e f f e c t  on i n f o r m a t i o n  p r o c e s s i n g .  F o r  e x a m p l e ,  n o i s e  may
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occur in the encoding or decoding process in the form of 
extraneous stimuli which interfere with the signal of 
interest. Or, the limited channel capacity of the system 
may be exceeded by an extreme rate or quantity of visual 
input which produces stimulus ambiguity. Thus, the telen- 
cephalic decoding areas may be likened to a central scanner 
or filter which may become unable to identify pattern input 
when noise input is high.

The principle of limited channel capacity, i.e., the 
upper limit in the amount of information which can be pro­
cessed and transmitted by a channel provides a model for 
testing the filter hypothesis. The channel capacity of any 
system can be established by running tests that exceed the 
capabilities of that system. One means of exceeding the 
transmission capabilities of the visual system is to con­
found a visual stimulus with very high levels of noise, thereby 
creating stimulus ambiguity which reduces the visual system's 
capacity to encode, transmit and decode the stimulus informa­
tion. This method may provide a means to determine how 
efficiently the avian telencephalic visual areas filter out 
noise in order to register relevant pattern inputs.

Effects of external noise on visual pattern discrimination
Noise is defined as any stimulus not designated as signal, 

but which may be confused with it. Thus, in some studies of
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v i s u a l  p a t t e r n  d i s c r i m i n a t i o n  an  a n n u l u s  s u r r o u n d i n g  a  

p a t t e r n  t o  be  r e c o g n i z e d  may be  r e g a r d e d  a s  v i s u a l  n o i s e *

I n  a d d i t i o n ,  v i s u a l  n o i s e  may be d i s p l a y e d  a s  a  m a sk  o f  

r andom  n o i s e  d o t s  p r e s e n t e d  b e f o r e  o r  a f t e r  t h e  p r e s e n t a ­

t i o n  o f  a  s i g n a l  p a t t e r n  ( " d y n a m i c  v i s u a l  n o i s e " ,  e . g . ,  

U t t a l ,  1 9 7 1 ) .  O r ,  v i s u a l  n o i s e  may b e  a  s p a t i a l l y  o v e r ­

l a p p i n g  mask w h ic h  i s  d i s p l a y e d  c o n c u r r e n t l y  w i t h  t h e  

p a t t e r n  ( " s t a t i c  v i s u a l  n o i s e " ,  e . g . ,  B a r l o w ,  1 9 7 8 ) .

A c o n s i d e r a b l e  n u m b e r  o f  human a n d  a n i m a l  p a t t e r n  " 

d i s c r i m i n a t i o n  s t u d i e s  h a v e  shown t h a t  p a t t e r n  r e c o g n i t i o n  

c a n  b e  r e d u c e d  by t h e  a d d i t i o n  o f  s t a t i c  v i s u a l  n o i s e .  

M o r e o v e r ,  some e a r l y  r e p o r t s  o f  t h e  e f f e c t s  o f  p a t t e r n  

c o n t e x t  on v i s u a l  p a t t e r n  d i s c r i m i n a t i o n  s u g g e s t  t y p e s  

o f  s i g n a l - n o i s e  p a t t e r n s  w h i c h  a r e  e f f e c t i v e  i n  c r e a t i n g  

s t i m u l u s  a m b i g u i t y  and  a l s o  e f f e c t i v e  i n  m e a s u r i n g  t h e  

v i s u a l  s y s t e m ' s  r e s p o n s e  t o  s t i m u l u s  a m b i g u i t y  u n d e r  n o r m a l  

and  damaged c o n d i t i o n s .  P o p p e l r e u t e r  ( 1 9 1 ? )  d e v e l o p e d  a  

p e r c e p t u a l  t e s t  i n  w h ic h  human s u b j e c t s  s u s t a i n i n g  i n j u r y  

i n  v i s u o - c o r t i c a l  a r e a s  w e r e  shown m i x e d  f i g u r e s  ( i . e . ,  

p i c t u r e s  w h ic h  w e r e  s c r i b b l e d  o v e r  o r  s u p e r i m p o s e d  on e  on 

a n o t h e r  ( F i g .  2 ) .  The p a t i e n t s  w e r e  r e q u i r e d  t o  p i c k  o u t  

a  s p e c i f i c  f i g u r e  ( s i g n a l )  f r o m  t h e  i r r e l e v a n t  b a c k g r o u n d  

( n o i s e ) ,  o r  t o  t r a c e  t h e  o u t l i n e s  o f  t h e  v a r i o u s  s u p e r ­

i m p o s e d  f i g u r e s .  D e f e c t i v e  p e r f o r m a n c e  r e s u l t e d .  A more  

s e v e r e  i m p a i r m e n t  was  d e m o n s t r a t e d  w i t h  t h e  m ore  d i f f i c u l t
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F i g .  2 .  Some t y p e s  o f  m i x e d - f i g u r e  a n d  embedded-  

f i g u r e  t e s t s  t h a t  h a v e  b e e n  u s e d  t o  e v a l u a t e  v i s u a l  p a t t e r n  

r e c o g n i t i o n  a f t e r  i n j u r y  t o  v i s u a l  b r a i n  a r e a s  i n  h u m a n s  

( P o p p e l r e u t e r ,  1917)  G o t t s c h a l d t ,  1 9 2 9 ) .  monkeys ( B u t t e r ,

1969)  1972)  C h a l u p a ,  e t  a l . »  1 9 7 6 ) ,  t r e e  s h r e w  ( K i l l a c k e y ,  

e t  a l . »  1971)  a n d  b u s h b a b y  ( A t e n c i o ,  e t  a l . ,  1975)*
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h i d d e n  o r  embedded f i g u r e s  t e s t  d e v e l o p e d  by G o t t s c h a l d t  

( e . g . ,  1 9 2 9 ,  F i g .  2 ) .  T h i s  t e s t  i s  d i s t i n g u i s h e d  f ro m  t h e  

m ixed  f i g u r e s  t e s t  by  t h e  s h a r i n g  o f  c o n t o u r s  o r  b o u n d a r i e s  

b e tw e e n  t h e  r e l e v a n t  f i g u r e  ( s i g n a l )  and  t h e  b a c k g r o u n d  

f i g u r e  ( n o i s e ) .

V a r i a t i o n s  o f  t h e s e  two t e s t s  o f  f i g u r e - g r o u n d  p e r - -  

c e p t i o n  a r e  s t i l l  e v i d e n t  i n  r e c e n t  e x a m i n a t i o n s  o f  t h e  

e f f e c t s  o f  p a t t e r n  c o n t e n t  on  p a t t e r n  d i s c r i m i n a t i o n .  I n  

an  e x p e r i m e n t  by B u t t e r  ( 1 9 6 9 ) g r o u p s  o f  i n t a c t  m o n k e y s ,  

m onkeys  w i t h  i n f e r o t e m p o r a l  a b l a t i o n s  an d  monkeys  w i t h  

l a t e r a l  s t r i a t e  l e s i o n s  w e re  f i r s t  t r a i n e d  t o  d i s c r i m i n a t e  

b e t w e e n  tw o  v i s u a l  p a t t e r n s .  I r r e l e v a n t  f e a t u r e s  w e r e  t h e n  

a d d ed  t o  t h e  d i s c r i m i n a n d a  ( F i g .  2) i n  a  s e r i e s  o f  t e s t s  

i n  w h ic h  t h e  a n i m a l s  w e re  r e q u i r e d  t o  r e l e a r n  t h e  d i s c r i m i n a ­

t i o n  p r o b l e m .  M onkeys  w i t h  i n f e r o t e m p o r a l  damage w e re  

i m p a i r e d  r e l a t i v e  t o  t h e  n o r m a l  a n i m a l s  i n  i n i t i a l  a c q u i s i ­

t i o n  o f  t h e  d i s c r i m i n a t i o n  and  i n  tw o  o f  t h e  t h r e e  m aske d  

c o n d i t i o n s .  The m onkeys  w i t h  l a t e r a l  s t r i a t e  dam age ,  h o w e v e r ,  

w e re  n o t  i m p a i r e d  i n  a c q u i s i t i o n ,  b u t  w e re  s e v e r e l y  i m p a i r e d  

i n  r e l e a r n i n g  w i t h  t h e  a d d i t i o n  o f  i r r e l e v a n t  s t i m u l i .  B u t t e r  

(1 9 7 2 )  f e l t  t h a t  a c u i t y  was t h e  c r i t i c a l  f a c t o r  i n  t h e  p o o r  

t e s t  p e r f o r m a n c e  o f  m onkeys  s u s t a i n i n g  s t r i a t e  damage o r  

t h a t  t h e  d e f i c i t  was n o t  s p e c i f i c  t o  l e s i o n  l o c u s .  I n  a n o t h e r  

e x p e r i m e n t ,  B u t t e r  ( 1 9 7 2 )  r e p e a t e d  t h e  p r o c e d u r e  a b o v e  b u t  

ad d e d  a  t h i r d  o p e r a t e d  g r o u p ,  i . e . ,  monkeys  w i t h  d o r s o l a t e r a l
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f r o n t a l  l e s i o n s .  I n  a d d i t i o n *  i r r e l e v a n t  s t i m u l i  w e re  

a d d e d  t o  t h e  d i s c r i m i n a n d a  i n  s u c h  a  way t h a t  a c u i t y  was 

n o t  a  c r i t i c a l  f a c t o r  i n  t e s t  p e r f o r m a n c e ,  i . e . *  t h e  

d i s c r i m i n a n d a  w e re  n o t  t o u c h i n g  t h e  b a c k g r o u n d  f i g u r e s .

A g a i n ,  b o t h  i n f e r o t e m p o r a l  an d  l a t e r a l  s t r i a t e  l e s i o n s  l e d  

t o  d e f i c i t s  i n  m i x e d - f i g u r e  d i s c r i m i n a t i o n .  T h e  p e r f o r m a n c e  

o f  t h e  d o r s o l a t e r a l  f r o n t a l  a n i m a l s  was r e l a t i v e l y  u n i m p a i r e d .  

C h a l u p a  and  c o l l e a g u e s  ( 1 9 7 6 )  f o u n d  t h a t  m onkeys  w i t h  l e s i o n s  

i n  i n f e r i o r  p u l v i n a r  t h a t  h a d  d i f f i c u l t y  i n  l e a r n i n g  a  v i s u a l  

d i s c r i m i n a t i o n  w e re  f u r t h e r  i m p a i r e d  by t h e  a d d i t i o n  o f  

i r r e l e v a n t  a n n u l i  ( F i g .  2 ) .  The p e r f o r m a n c e  o f  m onkeys  w i t h  

m e d i a l  and  l a t e r a l  p u l v i n a r  l e s i o n s  a s  w e l l  a s  n o r m a l  c o n t r o l s  

was o n l y  t e m p o r a r i l y  d i s r u p t e d .  T h u s ,  i t  a p p e a r s  i n  m onkeys  

t h a t  o n l y  damage t o  c e r e b r a l  a r e a s  w h ich  h a v e  b e e n  i m p l i c a t e d  

i n  v i s u a l  f u n c t i o n  w i l l  i n d u c e  d e f i c i t s  i n  d i s c r i m i n a t i o n  o f  

v i s u a l  p a t t e r n s  w h ic h  a r e  m ix e d  o r  em bed d ed .

The same i s  t r u e  o f  o t h e r  s p e c i e s .  I n  b u s h b a b y ,  A t e n c i o ,  

D iam ond ,  and  Ward ( 1 9 7 5 )  d e m o n s t r a t e d  t h a t  i n f e r o t e m p o r a l l y  

a b l a t e d  b u s h b a b i e s  r e q u i r e  p r o l o n g e d  r e t r a i n i n g  o r  m e e t  

f a i l u r e  on r e t e n t i o n  t e s t s  o f  p a t t e r n s  m ix e d  w i t h  e v e n  o r  

i r r e g u l a r  row s  o f  d o t s  ( F i g .  2 ) .  P o s t o p e r a t i v e  a c q u i s i t i o n  

o f  t h e  same d i s c r i m i n a t i o n  was p o s s i b l e  i n  one  o u t  o f  two 

i n f e r o t e m p o r a l  a n i m a l s .  On t h e  o t h e r  h a n d ,  o n e  o u t  o f  two 

b u s h b a b i e s  w i t h  b i l a t e r a l  o c c i p i t a l  l e s i o n s  showed d i f f i c u l t y  

i n  l e a r n i n g  a  p a t t e r n  d i s c r i m i n a t i o n  p o s t o p e r a t i v e l y  b u t  when
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t h e  p a t t e r n s  w e r e  m ix e d  w i t h  e v e n  o r  i r r e g u l a r  p l a c e m e n t s  

o f  d o t s ,  r e l e a r n i n g  t h e  d i s c r i m i n a t i o n  was  p o s s i b l e  t h o u g h  

p r o l o n g e d .  A p a r i e t a l  c o n t r o l  showed no d e f i c i t  i n  p o s t ­

o p e r a t i v e  a c q u i s i t i o n .

In tree shrews, Killackey, Snyder and Diamond (1971) 
have found that tree shrews without striate cortex are unable 
to retain or relearn a discrimination between upright and 
inverted triangles when each is embedded in an annulus (Fig. 2), 
On the other hand, tree shrews with temporal lobe ablations 
suffer a retention loss but eventually reattain criterion 
performance with protracted training.

I n  summary t h e n ,  t h e  f o r e g o i n g  e v i d e n c e  p o i n t s  up t h e  

e f f i c a c y  o f  e m b e d d e d - f i g u r e s  t e s t s  t o  r e v e a l  d e f e c t s  i n  

d i s c r i m i n a t i v e  a b i l i t y  a f t e r  damage t o  e i t h e r  t e c t o f u g a l  o r  

t h a l a m o f u g a l  v i s u a l  c o m p o n e n t s .  I n  e a c h  o f  t h e  f o r e g o i n g  

s t u d i e s ,  t h e  a d d i t i o n  o f  e x t e r n a l  s t a t i c  n o i s e  r e d u c e d  p a t t e r n  

r e c o g n i t i o n .  H o w e v e r ,  t h e  embedded o r  m i x e d - f i g u r e s  t e s t s  

u s e d  i n  t h o s e  e x p e r i m e n t s  d i d  n o t  m e a s u r e  o r  q u a n t i f y  t h e  

r a n g e  o f  d i s c r i m i n a t i v e  a b i l i t y  b e f o r e  o r  a f t e r  v i s u a l  s y s t e m  

i n j u r y .  As a  c o n s e q u e n c e ,  t h e  p e r f o r m a n c e  d e f i c i t  on 

e m b e d d e d - f i g u r e s  t e s t s  a p p e a r s  t o  be  n o n s p e c i f i c  i n  m o s t  

i n s t a n c e s ,  i . e . ,  e q u a l  i n  m a g n i t u d e  w i t h  i n j u r y  t o  an y  c e l l  

g r o u p  i n  t h e  v i s u a l  s y s t e m .  The  c h a n c e s  t h a t  t e c t o f u g a l  and  

t h a l a m o f u g a l  l e s i o n s  w i l l  r e s u l t  i n  t h e  same d e g r e e  o f  

i m p a i r e d  d i s c r i m i n a t i o n  i n  p i g e o n s  i s  u n l i k e l y  i n  v i e w  o f
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t h e  l a r g e  d i f f e r e n c e  i n  JND l o s s  a l r e a d y  d e m o n s t r a t e d  w i t h  

i n t e n s i t y  d i s c r i m i n a t i o n  t e s t s  (H odos  & B o n b r i g h t ,  1 9 7 4 ) .  

T h u s ,  t h e  p r e r e q u i s i t e  f o r  a n  a c c u r a t e  a s s e s s m e n t  o f  t h e  

p i g e o n  v i s u a l  s y s t e m ' s  c a p a c i t y  t o  p r o c e s s  embedded  p a t t e r n s  

i s  a  t e s t  w h ic h  w i l l  n o t  o n l y  m e a s u r e  s m a l l  i m p a i r m e n t s  i n  

d i s c r i m i n a t i v e  c a p a c i t y ,  b u t  w i l l  a l s o  q u a n t i f y  t h e  r a n g e  o f  

d i s c r i m i n a t i v e  a b i l i t y  t h a t  r e m a i n s  a f t e r  s p e c i f i c  v i s u a l  

s y s t e m  i n j u r y .

By a p p l y i n g  t h e  p r i n c i p l e  o f  l i m i t e d  c h a n n e l  c a p a c i t y ,  

one c a n  a s c e r t a i n  t h e  r a n g e  o f  d i s c r i m i n a t i v e  a b i l i t y  i n  

i n t a c t  p i g e o n s .  T h i s  may b e  a c c o m p l i s h e d  by p r e s e n t i n g  

n o i s e - e m b e d d e d  p a t t e r n s  w h ic h  c o n t i n u o u s l y  v a r y  i n  t h e  am o u n t  

o f  n o i s e .  I n  d o i n g  t h i s ,  o n e  may d e t e r m i n e  t h e  v i s u a l  

c h a n n e l  c a p a c i t y  o r  t e r m i n a l  l i m e n  o f  n o i s e  t h a t  d o e s  n o t  

p r o h i b i t  p a t t e r n  r e c o g n i t i o n .  The  d o t t e d  s t i m u l i  u s e d  i n  

t h e  b u s h b a b y  s t u d y  ( A t e n c i o ,  e t  a l . ,  1 9 7 5 )  seem  b e s t  s u i t e d  

t o  t h i s  t y p e  o f  m a n i p u l a t i o n .  T h u s ,  i f  a  p i g e o n  i s  r e p e a t ­

e d l y  p r e s e n t e d  a  p a t t e r n  d i s c r i m i n a t i o n  t e s t  i n  w h ich  t h e  

p a t t e r n s  v a r y  c o n t i n u o u s l y  i n  t h e  am ount  o f  s u r r o u n d i n g  

n o i s e  p a r t i c l e s  ( P i g .  3 ) ,  o n e  may p r e c i s e l y  d e t e r m i n e  t h e  

e f f e c t  o f  t h e  p r e s e n c e  o f  v a r y i n g  d e g r e e s  o f  e x t e r n a l  s t a t i c  

n o i s e .  T h u s ,  t h e  g r e a t e s t  q u a n t i t y  o f  n o i s e  t h a t  a  p i g e o n  

c a n  t o l e r a t e  w h i l e  c o r r e c t l y  d i s c r i m i n a t i n g  t h e  s t i m u l u s  

p a t t e r n  c a n  s e r v e  a s  an  i n d e x  o f  t h a t  p i g e o n ' s  e f f i c i e n c y  

t o  f i l t e r  o u t  v i s u a l  n o i s e  t o  r e g i s t e r  p a t t e r n  i n f o r m a t i o n .
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P i g .  3* A v i s u a l  d i s c r i m i n a t i o n  t e s t  w i t h  t h e  

d i s c r i m i n a n d a  embedded i n  v a r y i n g  a m o u n ts  o f  v i s u a l  n o i s e .  

S i x  p a i r s  o f  X and  0 d i s c r i m i n a n d a  a r e  shown embedded i n  

i n c r e a s i n g  a m o u n t s  o f  b a c k g r o u n d  n o i s e .  E ach  num ber  

b e lo w  a  p a i r  o f  X an d  0 f i g u r e s  r e p r e s e n t s  t h e  p e r c e n t a g e  

o f  b a c k g r o u n d  n o i s e .
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Once s u c h  a  m e a s u r e m e n t  h a s  b e e n  o b t a i n e d ,  o n e  may c o m p a re  

a  p i g e o n ' s  v i s u a l  c a p a c i t y  t o  f i l t e r  o u t  v i s u a l  n o i s e  b e f o r e  

and a f t e r  v i s u a l  s y s t e m  i n j u r y .  One may a l s o  co m p are  t h e  

f i l t e r i n g  c a p a c i t y  o f  p i g e o n s  s u s t a i n i n g  t e c t o f u g a l  o r  

t h a l a m o f u g a l  i n j u r y .  A p r e v i o u s  s t u d y  o f  v i s u a l  p r o c e s s i n g  

i n  hum ans  ( F r e n c h ,  195*0 f e a t u r e d  a  s i m i l a r  t e c h n i q u e  w h ich  

was s u c c e s s f u l  i n  a p p r o x i m a t i n g  t h e  minimum " p a t t e r n - t o - n o i s e "  

r a t i o  t h a t  p e r m i t t e d  e f f i c i e n t  p a t t e r n  r e c o g n i t i o n .

I f  t h e  p r i n c i p l e  o f  c h a n n e l  c a p a c i t y  h o l d s  f o r  d i s c r i m ­

i n a t i v e  p r o c e s s i n g  i n  t h e  p i g e o n  v i s u a l  s y s t e m ,  we c a n  e x p e c t  

t h a t  s i g n i f i c a n t  i n c r e m e n t s  i n  v i s u a l  n o i s e  w i l l  p r e s e n t  

i n c r e a s i n g  i n t e r f e r e n c e  i n  p a t t e r n  d i s c r i m i n a t i o n  i n  n o r m a l  

b i r d s .

I f  t h e  t e l e n c e p h a l i c  a r e a s  o f  t h e  p i g e o n  v i s u a l  s y s t e m  

s e r v e  t o  f i l t e r  o u t  i r r e l e v a n t  i n f o r m a t i o n  d u r i n g  v i s u a l  

d i s c r i m i n a t i o n ,  t h e n  damage t o  t e c t o f u g a l  o r  t h a l a m o f u g a l  

c o m p o n e n t s  i n  t h e  t e l e n c e p h a l o n  s h o u l d  a d v e r s e l y  a f f e c t  t h e  

f i l t e r i n g  p r o c e s s  s u c h  t h a t  s m a l l  a m o u n t s  o f  v i s u a l  n o i s e  

p r o h i b i t  p a t t e r n  d i s c r i m i n a t i o n .
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EXPERIMENT I

E x p e r i m e n t  I  was  d e s i g n e d  t o  e x a m in e  t h e  c a p a c i t y  o f  

t h e  v i s u a l  s y s t e m  t o  f i l t e r  o u t  i r r e l e v a n t  s t i m u l i  t o  

p e r f o r m  a  p a t t e r n  d i s c r i m i n a t i o n .  E x p e r i m e n t  I  t e s t s  t h e  

f o l l o w i n g  h y p o t h e s i s i  As t h e  a m o u n t  o f  b a c k g r o u n d  n o i s e  

i n c r e a s e s ,  c o r r e c t  p a t t e r n  d i s c r i m i n a t i o n  d e c r e a s e s .

T he  p i g e o n  v i s u a l  s y s t e m  i s  a s su m ed  t o  h a v e  a  l i m i t e d  

c a p a c i t y  t o  e f f i c i e n t l y  f i l t e r  o u t  i r r e l e v a n t  s t i m u l i ,  

i . e . ,  s u p p r e s s  n o i s e  i n p u t  w h i l e  p r o c e s s i n g  p a t t e r n  i n p u t .

The c h a n n e l  c a p a c i t y  w i l l  be d e f i n e d  a s  t h e  maximum am ount  

o f  i n f o r m a t i o n  t r a n s m i t t e d ,  i . e . ,  t h e  maximum a b i l i t y  o f  

t h e  p i g e o n  t o  d i s c r i m i n a t e  t h e  n o i s e - e m b e d d e d  p a t t e r n s .

S i n c e  t h e  p i g e o n s '  a b i l i t y  t o  d i s c r i m i n a t e  t h e  n o i s e - e m b e d d e d  

p a t t e r n s  w i l l  n o t  e x c e e d  t h e  p a t t e r n  a m b i g u i t y  c r e a t e d  by 

t h e  b a c k g r o u n d  n o i s e ,  t h e  c h a n n e l  c a p a c i t y  c a n  b e  e s t a b l i s h e d  

by p e r f o r m i n g  t e s t s  i n  w h ic h  t h e  n o i s e  s u p p r e s s i n g  c a p a b i l i ­

t i e s  a r e  e x c e e d e d  by t h e  n o i s e  i n p u t s .  T h u s ,  when p a t t e r n  

a m b i g u i t y  i s  p r o v i d e d  w h ic h  i s  l e s s  t h a n  c h a n n e l  c a p a c i t y ,  

p e r f e c t  t r a n s m i s s i o n  o f  p a t t e r n  s i g n a l s  s h o u l d  r e s u l t .  When 

t h e  p a t t e r n  a m b i g u i t y  e x c e e d s  t h e  s u b j e c t ’ s  d i s c r i m i n a t i n g  

a b i l i t y ,  t h e  am ount  o f  p a t t e r n  i n f o r m a t i o n  t r a n s m i t t e d  s h o u l d  

r e m a i n  c o n s t a n t .  T h i s  l e v e l  o f  s t a b i l i t y  c a n  s e r v e  a s  a n  

i n d e x  o f  t h e  p i g e o n ' s  c h a n n e l  c a p a c i t y  f o r  p a t t e r n - n o i s e  

i n p u t .
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METHOD

S u b j e c t s

Fifteen unsexed White Carneau pigeons (Columba livia) 
obtained from the Hillside Pigeon Farm, Hyattstown, Maryland, 
were used as subjects. The pigeons were 1.5 - 3 yrs of age 
at the start of the experiment and their free-feeding weights 
ranged from ^50-600 g. During the experiment, the birds were 
maintained at 75^-80# of their free-feeding weights and water 
was available at all times in the home cage.

S t i m u l i

F o u r t e e n  p a i r s  o f  embedded p a t t e r n s  w e re  u s e d  i n  e a c h  

t e s t i n g  s e s s i o n  ( s e e  F i g .  3 ) .  The p a t t e r n  s t i m u l i  c o n s i s t e d  

o f  f i l m  n e g a t i v e s  w h ich  w e re  p r e p a r e d  i n  t h e  f o l l o w i n g  

m a n n e r .  T he  s t i m u l u s  t a r g e t s ,  e i t h e r  a n  X o r  0 ,  w e r e  c o n ­

s t r u c t e d  f r o m  b l a c k  v i n y l  p l a s t i c  l e t t e r s  ( s u p e r  s t i c k  E - Z -  

LETTER QUICK STIK C O . ) .  The " n o i s e ” i n  t h e  b a c k g r o u n d  was 

fo rm e d  w i t h  s m a l l  p a r t i c l e s  o f  b l a c k  c o n s t r u c t i o n  p a p e r .

E ach  o f  t h e  t a r g e t  s t i m u l i  was s u p e r i m p o s e d  on 50 mm s q u a r e s  

h a v i n g  one  o f  s e v e r a l  d e n s i t i e s  o f  b a c k g r o u n d  n o i s e i  Ofo,

6 . 25?5» 12.555. 2 5 . 0 f»t 5 0 . 0 #  a n d  7 5 * 0 # .  The p e r c e n t a g e s  o f  

b a c k g r o u n d  n o i s e  r e p r e s e n t  t h e  p e r c e n t a g e  o f  t h e  50 mm s q u a r e  

t h a t  was c o v e r e d  by t h e  n o i s e  p a r t i c l e s .  T h u s ,  12.55? b a c k ­

g r o u n d  n o i s e  m eans  t h a t  1 2 . 5 #  o f  t h e  a r e a  o f  t h e  d i s p l a y  was 

c o v e r e d  by  t h e  n o i s e  p a r t i c l e s .  The s q u a r e s  w i t h  t a r g e t
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s t i m u l i  an d  b a c k g r o u n d  i n  p l a c e  w e r e  t h e n  p h o t o g r a p h i c a l l y  

r e d u c e d  i n  s i z e  on  F 0 7 1 P ,  R a p i d o l i n e  O r t h o ,  h i g h - r e s o l u t i o n ,  

h i g h - c o n t r a s t  f i l m .  The n e g a t i v e s  w e r e  m oun ted  on  L i n d i a  

g l a s s  s l i d e s .  T h e  r e s u l t a n t  p r o j e c t e d  im a g e  was a  r e v e r s a l  

o f  t h e  o r i g i n a l ,  i . e . ,  t h e  X a n d  t h e  0 ( b o t h  1 2 . 5  mm h i g h )  

w ere  w h i t e  and  w e r e  s u r r o u n d e d  by  w h i t e  n o i s e  on a  b l a c k  

c i r c u l a r  f i e l d  ( 2 5  mm i n  d i a m e t e r ) .  S i n c e  b o t h  t h e  X an d  

t h e  0 w e r e  p h o t o g r a p h e d  on t h e  same s h e e t  o f  f i l m ,  an d  w e r e  

o f  e q u a l  a r e a ,  t h e i r  p r o j e c t e d  i m a g e s  w e r e  o f  e q u a l  l u m i n a n c e .

The  s l i d e s  w i t h  a t t a c h e d  n e g a t i v e s  w e re  t h e n  m a t c h e d  

f o r  l u m i n o u s  f l u x  u s i n g  a  P h o t o v o l t  M ode l  520-M p h o t o m e t e r .

The l u m i n o u s  f l u x  was  m a tch ed  t o  w i t h i n  a  .0 1  l o g  u n i t  

d i f f e r e n c e  f o r  a l l  1 4  s t i m u l u s  p a i r s  b y  a d d i n g  Kodak n u m b e r  

96 ,  g e l a t i n  W r a t t e n  n e u t r a l  d e n s i t y  f i l t e r s .

A s su m in g  t h a t  t h e  p i g e o n s  v i e w e d  t h e  s t i m u l i  a t  a  

d i s t a n c e  o f  a p p r o x i m a t e l y  6 6 . 6  mm, w h ic h  i s  t h e i r  n e a r - p o i n t  

o f  a c c o m o d a t i o n  ( H o d o s ,  L e i b o w i t z  & B o n b r i g h t ,  1 9 ? 6 j M acko ,  

1 9 7 8 ) ,  t h e  p r o j e c t e d  im ag e s  o f  t h e  s t i m u l i  s u b t e n d e d  a  v i s u a l  

a n g l e  o f  a p p r o x i m a t e l y  1 0 . 7 5 ° .  S i n c e  t h e  a v e r a g e  s i z e  o f  

t h e  p r o j e c t e d  i m a g e s  o f  t h e  n o i s e  p a r t i c l e s  was a p p r o x i m a t e l y  

1 . 0  mm, t h e i r  a n g u l a r  s u b t e n s e  w as  a p p r o x i m a t e l y  51*6  ra in .  

T h e s e  v a l u e s  a r e  w e l l  above  t h e  r e p o r t e d  v a l u e s  f o r  n e a r - f i e l d  

v i s u a l  a c u i t y  i n  p i g e o n s  o f  a p p r o x i m a t e l y  2 . 0  min o f  v i s u a l  

a n g l e  (H o d o s ,  e t  a l . ,  1976* M acko,  1 9 7 8 ) .
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The c o n t r a s t  o f  t h e  s t i m u l i  w as  m e a s u r e d  by  u s i n g  a  

U n i t e d  D e t e c t o r  T e c h n o l o g y  p h o t o m e t e r  w i t h  a  f i b e r - o p t i c  

p r o b e  a n d  p i n h o l e  a p e r t u r e .  T h e  l u m i n a n c e s  o f  t h e  s t i m u l i  

a n d  t h e  d a r k  s u r r o u n d  w e r e  m e a s u r e d  an d  t h e  c o n t r a s t  o f  t h e  

s t i m u l i  w e r e  c a l c u l a t e d  f ro m  t h e  f o r m u l a *

5SC = L L
r 1 x 100

+ s

i n  w h i c h  ?SC i s  t h e  c o n t r a s t  e x p r e s s e d  a s  a  p e r c e n t a g e ,  

i s  t h e  l u m i n a n c e  o f  t h e  t a r g e t  o r  n o i s e  p a r t i c l e  an d  

Lg i s  t h e  l u m i n a n c e  o f  t h e  s u r r o u n d .  The c o n t r a s t  o f  t h e  

s t i m u l i  r a n g e d  f r o m  65$  t o  89# .  T h e  g r e a t  m a j o r i t y  o f  

t h e  s t i m u l i  f e l l  i n  t h e  r a n g e  o f  ?0% t o  80?6 c o n t r a s t .

F o u r  d i f f e r e n t  s t i m u l u s  s e t s  w e r e  u s e d  d u r i n g  t h e  

s t u d y .  I n  e a c h  t e s t i n g  s e s s i o n ,  a  d i f f e r e n t  s t i m u l u s  s e t  

w as  u s e d ,  i . e . ,  t h e  same s e t  w a s  n o t  u s e d  i n  tw o  c o n s e c u ­

t i v e  s e s s i o n s .  T h i s  p r o c e d u r e  w as  em p lo y ed  i n  o r d e r  t o  

m i n i m i z e  t h e  l i k l i h o o d  o f  t h e  p i g e o n s  u s i n g  e x t r a n e o u s  

s t i m u l u s  p r o p e r t i e s  ( e . g . ,  s p e c i f i c  c o n f i g u r a t i o n s  o f  n o i s e  

p a r t i c l e s )  a s  c u e s  f o r  d i s c r i m i n a t i o n  ( B a n k s ,  B o d i n g e r  & 

I l l i g e ,  197^1 B a n k s  & P r i n z m e t a l ,  1 9 7 6 ) .

A p p a r a t u s

The t e s t i n g  a p p a r a t u s  c o n s i s t e d  o f  a  3 - k e y  L e h i g h  

V a l l e y  P i g e o n  T e s t  Cham ber  t h a t  h a d  b e e n  m o d i f i e d  t o  p e r m i t
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illumination of the center key by an externally located 
slide projector. The keys were constructed of plastic 
Polacoat rear-projection screen and were 2.5 ?m in diameter. 
The interior of the pigeon chamber was painted flat white 
and was illuminated by 2 ceiling mounted General Electric 
F6T5-CW-HH Flourescent lamps. The light from the lamps was 
diffused by a sheet of white translucent Plexiglas.

The i l l u m i n a t i o n  o f  t h e  t e s t  ch a m b e r  a n d  r e s p o n s e  k e y s  

was  m e a s u r e d  w i t h  a  S im p so n  M odel  *108 p h o t o m e t e r  c a l i b r a t e d  

a g a i n s t  a  c e r t i f i e d  l u m i n a n c e  s t a n d a r d  t r a c e a b l e  t o  t h e  U .S .  

B u r e a u  o f  S t a n d a r d s .  The o v e r a l l  c h a m b e r  i l l u m i n a t i o n  was 

193*71  l x .  The  l u m i n a n c e  o f  t h e  w a l l s  v a r i e d  f r o m  2 5 * 0 -  

2 7 . 5  c d /m 2 . The s t i m u l i  w e re  p r o j e c t e d  v i a  a  Kodak M odel  

700 C a r o u s e l  p r o j e c t o r  t h a t  h a d  b e e n  m o d i f i e d  f o r  r e m o t e  

o p e r a t i o n .  The  l i g h t  s o u r c e  f o r  t h e  c e n t e r  k e y  was a  

S y l v a n i a  DEK 500 W p r o j e c t i o n  l a m p .  The lam p  was p o w e r e d  

t h r o u g h  a  S u p e r i o r  E l e c t r i c  v o l t a g e  r e g u l a t o r .  The c u r r e n t  

t h r o u g h  t h e  lam p  was o c c a s i o n a l l y  a d j u s t e d  t o  m a i n t a i n  t h e  

l u m i n a n c e  o f  t h e  0?£ n o i s e  s t i m u l u s  a t  23*7 c d / m 2 . The  s i d e  

k e y s  w e re  i l l u m i n a t e d  by T u n g - S o l  No. 1819 l a m p s  p o w e re d  

f r o m  a  r e g u l a t e d  28 V DC p o w e r  s u p p l y .  The  l e f t - s i d e  k e y
a

l u m i n a n c e  was 1 0 . 8  c d /m  a n d  t h e  r i g h t - s i d e  l u m i n a n c e  was  

53*8 c d / m 2 . T h i s  d i f f e r e n c e  i n  s i d e  k e y  l u m i n a n c e  h e l p e d  

t o  f a c i l i t a t e  t h e  d i s c r i m i n a t i o n  o f  t h e  r i g h t  and l e f t  s i d e  

k e y s .
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T r a i n i n g  P r o c e d u r e

F i r s t ,  t h e  p i g e o n s  w e re  r e w a r d e d  w i t h  P u r i n a  P i g e o n  

G r a i n s  f o r  p e c k i n g  e a c h  o f  tw o  s i d e  k e y s  when e a c h  was 

r a n d o m ly  i l l u m i n a t e d .  F o l l o w i n g  t h i s ,  t h e  p i g e o n s  w e re  

s h a p e d  t o  p e c k  t h e  c e n t e r  k e y  10 t i m e s  when i t  was t r a n s -  

i l l u m i n a t e d  w i t h  d i f f u s e  w h i t e  l i g h t .  T h e  t e n t h  p e c k  on 

t h e  c e n t e r  k e y  d a r k e n e d  t h a t  k e y  and  i l l u m i n a t e d  one  o f  t h e  

s i d e  k e y s ,  A s i n g l e  p e c k  on  t h e  l i g h t e d  s i d e  k e y  r e s u l t e d  

i n  i l l u m i n a t i o n  o f  t h e  f o o d  m a g a z i n e  an d  2 - 3  s e c .  a c c e s s  t o  

m ix ed  g r a i n s .  When t h i s  s t a g e  o f  p r e l i m i n a r y  t r a i n i n g  was 

c o m p l e t e ,  t h e  p i g e o n s  w e re  r e i n f o r c e d  f o r  p e c k i n g  t h e  l e f t ­

s i d e  k e y  when t h e  X w i t h  0 #  b a c k g r o u n d  n o i s e  w a s  p r o j e c t e d  

on  t h e  c e n t e r  k e y  a n d  g i v e n  r e i n f o r c e m e n t  f o r  r i g h t - s i d e  k e y  

p e c k i n g  o n l y  when t h e  0 w i t h  0#  b a c k g r o u n d  n o i s e  was p r o ­

j e c t e d .  I n  o r d e r  t o  p e r m i t  a  l a r g e  n u m b e r  o f  t r i a l s  p e r  

s e s s i o n  w i t h o u t  s a t i a t i n g  t h e  p i g e o n ,  a  random  50#  o f  t h e  

c o r r e c t  r e s p o n s e s  w e r e  f o l l o w e d  o n l y  by s e c o n d a r y  r e i n f o r c e ­

m e n t  ( i . e . ,  i l l u m i n a t i o n  o f  t h e  f e e d e r  l i g h t ) .  T he  i n c o r r e c t  

s i d e  k e y  r e s p o n s e s  r e s u l t e d  i n  a  3*5  s e c  " t i m e - o u t "  p e r i o d  

d u r i n g  w h ich  a l l  k e y s  w e re  d a r k  a n d  p e c k s  w e re  i n e f f e c t i v e .

A c o r r e c t i o n  p r o c e d u r e  was u s e d  i n  w h ic h  t h e  t r i a l  was 

r e p e a t e d  u n t i l  t h e  b i r d  p e c k e d  t h e  c o r r e c t  k e y .  C o r r e c t i o n  

t r i a l s  w e re  n o t  t a l l i e d  and  c o r r e c t e d  r e s p o n s e s  w e re  r e i n ­

f o r c e d  by  t h e  i l l u m i n a t i o n  o f  t h e  f e e d e r  l i g h t  o n l y .
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When t h e  p e r f o r m a n c e  o f  t h e  X a n d  0 d i s c r i m i n a t i o n  

w i t h o u t  b a c k g r o u n d  n o i s e  r e a c h e d  9 0 #  c o r r e c t  w i t h i n  336 

t r i a l s ,  p s y c h o p h y s i c a l  t r a i n i n g  b e g a n  ( s e e  F i g .  4 )*  A 

p s y c h o p h y s i c a l  t r a i n i n g  s e s s i o n  commenced w i t h  two 2 4 - t r i a l  

" w a rm -u p ” p e r i o d s  d u r i n g  w h ic h  t h e  s t i m u l i  X and  0 w i t h o u t  

b a c k g r o u n d  n o i s e  w e re  d i s c r i m i n a t e d .  F o l l o w i n g  t h e  warm-up 

p e r i o d s ,  a n o t h e r  24 t r i a l s  o f  0#  n o i s e  s t i m u l i  w e r e  t h e n  

g i v e n .  I f  t h e  b i r d s *  p e r f o r m a n c e  w e r e  90#  c o r r e c t  o r  b e t t e r  

d u r i n g  t h i s  b l o c k  o f  t r i a l s ,  t h e  a p p a r a t u s  a d v a n c e d  t o  t h e  

p s y c h o p h y s i c a l  t e s t i n g  w i t h  v a r i a b l e  n o i s e  b a c k g r o u n d s .  I f  

t h e  s u b j e c t s '  p e r f o r m a n c e  d u r i n g  t h e  a s s e s s m e n t  p e r i o d  w e re  

l e s s  t h a n  9 0 #  c o r r e c t  ( i . e . ,  m ore  t h a n  2 e r r o r s ) ,  t h e  s u b j e c t  

r e c e i v e d  a d d i t i o n a l  t r a i n i n g  on t h e  n o - n o i s e  c o n d i t i o n  f o r  

t h e  r e m a i n d e r  o f  t h e  s e s s i o n ,  264 t r i a l s ,  and  t h e  s e s s i o n  

was  r e g a r d e d  a s  a  t r a i n i n g  s e s s i o n .

I f  p e r f o r m a n c e  d u r i n g  t h e  a s s e s s m e n t  was  9 0 #  c o r r e c t  

o r  b e t t e r ,  t h e n  t h e  p s y c h o p h y s i c a l  t e s t i n g  was c a r r i e d  o u t  

u s i n g  a  v a r i a t i o n  o f  t h e  m e th o d  o f  c o n s t a n t  s t i m u l i .  A c c o r d ­

i n g l y ,  t h e  d a t a  c o l l e c t e d  d u r i n g  t h e  a s s e s s m e n t  p e r i o d  was 

u s e d  a s  t h e  f i r s t  d e t e r m i n a t i o n  o f  p e r f o r m a n c e  on X v s  0 

w i t h  0 #  n o i s e  an d  t h i s  p e r i o d  was  f o l l o w e d  by 5 2 4 - t r i a l  

b l o c k s  i n  w h ic h  t h e  s t i m u l i  X v s  0 w i t h  6 . 2 5 # ,  1 2 . 5 0 # ,  2 5 . 0 # ,  

5 0 . 0#  an d  7 5 * 0 #  n o i s e  b a c k g r o u n d s  w e r e  p r e s e n t e d  i n  a s c e n d i n g  

o r d e r .  W i t h i n  e a c h  s t i m u l u s  p a i r ,  s t i m u l u s  p r e s e n t a t i o n  f o l l o w e d  

t h e  F e l l o w s  s e q u e n c e  ( 1 9 6 7 ) .  F o l l o w i n g  t h e  24 t r i a l s  w i t h  75«0#
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F i g *  A f l o w  c h a r t  o f  t h e  s e q u e n c e  o f  t r a i n i n g  

an d  p s y c h o p h y s i c a l  t e s t i n g  p r o c e d u r e s  u s e d  t o  a s s e s s  t h e  

v i s u a l  c h a n n e l  c a p a c i t y  f o r  n o i s e - e m b e d d e d  d i s c r i m i n a t i o n .
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background noise, the pigeon was presented with a second 
ascending sequence of trials. However, no assessment 
contingency was in effect during the second series since 
the decision had already been made that this was to be a 
psychophysical testing session.

The data collected during the first and second series 
of stimulus presentations were combined to form a psycho­
metric function* i.e., the percentage correct for each 
stimulus pair was plotted as a function of the percentages 
of background noise (see Fig, 5)* The value on the noise 
continuum that was equal to 75% correct was determined 
graphically (see Fig. 5) and was taken as the "noise resis­
tance limit". Thus, the noise resistance limit is defined 
as the greatest amount of background noise which the bird 
could tolerate while discriminating X from 0 with an accuracy 
of 75% correct. On rare occasions, the psychometric function 
crossed the 75% correct line more than once. These ambiguous 
data were discarded.

In order to obtain data comparable to a threshold of 
noise tolerance, the noise resistance limit indices were 
subtracted from 100 to form the "noise interference index". 
This measure, like the difference threshold, has a high value 
when performance is poor and declines in value as performance 
improves. Thus a noise interference index of 90 would 
indicate that 10% background noise resulted in discrimination



Pe
rc

en
t 

C
or

re
ct

54

0 -2 7 3  
session 2 4

100-9BE

so

so

7 0

50

40

25.00 50.00 75.000 6.25 £2.50
P ercent Noise A

I

30 00 Noise
Resistance
Lim it



35

F i g .  5* An i n t a c t  p i g e o n ’ s  p s y c h o m e t r i c  f u n c t i o n  

o b t a i n e d  d u r i n g  one  s e s s i o n  o f  n o i s e - e m b e d d e d  d i s c r i m i n a t i o n  

t e s t i n g .  The  h o r i z o n t a l  b r o k e n  l i n e  r e p r e s e n t s  t h e  75# 
c o r r e c t  r e s p o n s e  l e v e l .  T h e  v e r t i c a l  b r o k e n  l i n e  r e p r e s e n t s  

t h e  n o i s e  r e s i s t a n c e  l i m i t ,  i . e . ,  t h e  h i g h e s t  v a l u e  on t h e  

n o i s e  c o n t i n u u m  t h a t  i s  e q u a l  t o  7 5 #  c o r r e c t  d i s c r i m i n a t i o n s .
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o f  l e s s  t h a n  75#  c o r r e c t .  A n o i s e - i n t e r f e r e n c e  i n d e x  o f  

25 w o u ld  i n d i c a t e  t h a t  7 5 #  b a c k g r o u n d  n o i s e  d i d  n o t  p r o d u c e  

a  s e r i o u s  i m p a i r m e n t  i n  p e r f o r m a n c e .

A d a i l y  p l o t  o f  t h e  n o i s e  i n t e r f e r e n c e  i n d e x  was 

c a r r i e d  o u t  f o r  e a c h  p i g e o n .  F i g u r e  6 p r e s e n t s  a  p l o t  o f  

t h e  n o i s e  i n t e r f e r e n c e  i n d e x e s  c a l c u l a t e d  f o r  a  n o r m a l  b i r d .  

T h i s  i l l u s t r a t i o n  shows t y p i c a l  p r o g r e s s  i n  d i s c r i m i n a t i n g  

t h e  t e s t  p a t t e r n s  i n  t h e  p r e s e n c e  o f  b a c k g r o u n d  n o i s e .  T h u s*  

i n i t i a l l y  i n  t r a i n i n g #  t h i s  b i r d  h a d  a  n o i s e  i n t e r f e r e n c e  

i n d e x  i n  t h e  r a n g e  o f  8 0 - 1 0 0 ,  w h ic h  i n d i c a t e s  t h a t  s m a l l  

a m o u n ts  o f  b a c k g r o u n d  n o i s e  w e r e  a b l e  t o  h i n d e r  t h a t  b i r d ' s  

d i s c r i m i n a t i o n  p e r f o r m a n c e .  However*  a s  t r a i n i n g  p r o g r e s s e d ,  

t h e  i n t e r f e r e n c e  i n d e x  d e c l i n e d  t o  t h e  30-^0  r a n g e ,  i n d i c a t i n g  

t h a t  t h e  b i r d  was a b l e  t o  p e r f o r m  w e l l  i n  t h e  p r e s e n c e  o f  

c o n s i d e r a b l y  h i g h e r  d e n s i t i e s  o f  b a c k g r o u n d  n o i s e .

P r e o p e r a t i v e  d a t a  w e re  c o l l e c t e d  f o r  e a c h  b i r d  u n t i l  

i t s  p e r f o r m a n c e  s a t i s f i e d  a  c r i t e r i o n  o f  s t a b i l i t y ,  i . e . ,  t h e  

i n d i v i d u a l  i n d i c e s  o f  n o i s e  i n t e r f e r e n c e  d i d  n o t  d e v i a t e  f r o m  

t h e  mean i n d e x  o f  5 s u c c e s s i v e  s e s s i o n s  by more  t h a n  25# .  F o r  

e x a m p l e ,  i n  o r d e r  t o  be  r e g a r d e d  a s  s t a b l e  a  mean n o i s e  i n t e r ­

f e r e n c e  i n d e x  o f  10  w o u ld  h a v e  t o  h a v e  b e e n  o b t a i n e d  on 5 

s u c c e s s i v e  d a y s  o f  d a t a  y i e l d i n g  n o i s e  i n t e r f e r e n c e  i n d e x e s  

w i t h i n  t h e  r a n g e  o f  1 2 . 5 - 7 . 5 *
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P i g .  6 .  A t y p i c a l  p l o t  o f  t h e  d a i l y  n o i s e  i n t e r f e r e n c e  

i n d e x e s  c a l c u l a t e d  f o r  an  i n t a c t  p i g e o n .  Each d a t a  p o i n t  

r e p r e s e n t s  t h e  n o i s e  i n t e r f e r e n c e  i n d e x  a s  a  f u n c t i o n  o f  

t e s t  s e s s i o n s .  The v e r t i c a l  b a r  r e p r e s e n t s  t h e  r a n g e  ( t  Z5^>) 

c r i t e r i o n  o f  s t a b i l i t y  l i m i t s .  T he  p o i n t  b i s e c t i n g  t h e  

v e r t i c a l  b a r  r e p r e s e n t s  t h e  s t a b l e  mean i n t e r f e r e n c e  i n d e x .
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RESULTS

A l l  s u b j e c t s  a c q u i r e d  t h e  i n i t i a l  d i s c r i m i n a t i o n  o f  

X a n d  0 ( w i t h o u t  b a c k g r o u n d  n o i s e )  t o  a  c r i t e r i o n  o f  90#  

c o r r e c t  p e r  336 t r i a l s  i n  3 t o  8 t r a i n i n g  s e s s i o n s .  T h e  

p s y c h o p h y s i c a l  t e s t i n g  w i t h  g r a d e d  n o i s e  d e n s i t i e s  was  

d e s i g n e d  t o  t e s t  t h e  h y p o t h e s i s  t h a t  s i g n i f i c a n t  i n c r e m e n t s  

i n  b a c k g r o u n d  n o i s e  w o u ld  p r e s e n t  i n c r e a s i n g  i n t e r f e r e n c e  

d u r i n g  p a t t e r n  d i s c r i m i n a t i o n  i n  n o r m a l  b i r d s .  To t h i s  e n d ,  

t h e  t o t a l  n u m b e r  o f  c o r r e c t  r e s p o n s e s  o b t a i n e d  a t  e a c h  n o i s e  

l e v e l  was  t a l l i e d ,  t h e  mean n u m b e r  o f  c o r r e c t  r e s p o n s e s  was  

c o m p u te d  a n d  t h e  d a t a  p o i n t s  p l o t t e d  f o r  e a c h  b i r d .  A s t r a i g h t  

l i n e  was  f i t t e d  t o  t h e  d a t a  p o i n t s  by  t h e  m e th o d  o f  l e a s t  

s q u a r e s .  I n  a d d i t i o n ,  t h e  s q u a r e d  r e s i d u a l s  w e r e  a l s o  com­

p u t e d  f o r  e a c h  c a s e .  As shown i n  T a b l e  1 ,  a  n e g a t i v e  l i n e a r  

r e l a t i o n s h i p  o b t a i n s  i n  e v e r y  c a s e ,  i . e . ,  . f o r  e v e r y  i n c r e m e n t  

i n  b a c k g r o u n d  n o i s e  t h e r e  i s  a  d e c r e a s e  i n  t h e  p e r c e n t a g e  o f  

c o r r e c t  d i s c r i m i n a t i o n s .  T h e  e x c e p t i o n a l l y  h i g h  n e g a t i v e  

c o r r e l a t i o n  c o e f f i c i e n t s  f o u n d  b e t w e e n  l e v e l  o f  n o i s e  an d  

p e r c e n t  o f  c o r r e c t  d i s c r i m i n a t i o n s ,  a s  w e l l  a s  t h e  s m a l l  e r r o r  

f u n c t i o n s  ( s q u a r e d  d e v i a t i o n s  o f  d a t a  p o i n t s  f r o m  t h e  l i n e  o f  

b e s t  f i t )  i n d i c a t e  t h a t  a  l i n e a r  e q u a t i o n  r e n d e r s  a n  e x c e p t i o n ­

a l l y  g o o d  f i t  ( s e e  T a b l e  1 ) .  F i g u r e  7 p r e s e n t s  a  s t r a i g h t  

l i n e  f i t  t o  t h e  p o o l e d  d a t a  f o r  a l l  p i g e o n s .  As c a n  be  s e e n ,  

t h e  r a n g e  o f  d e v i a t i o n s  f r o m  t h e  l i n e  i s  m i n i m a l .  T h u s ,  n o t  

o n l y  i s  t h e  i n t e r f e r e n c e  h y p o t h e s i s  a c c e p t e d  b u t  i t  i s  c o n -
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I» b U  1 . THE HEAH KUHBER OP CORRECT RESPONSES OIVEN AT EAOi NOISE FOR EA

FICBOH NOISE DENSITY 

0* a,) 6 . 2 }* Sd 12.50* Sd 2 5 . 00* Sd

D-355 46 .4 2 ,1 6 41 .8 7 .6 3 42.1 8 .6 0 37 .6 7 .51

0 -<ioa 45 .7 2 .1 2 4 0 .6 7 .9 4 41 .4 7 .5 7  . 37 .9 7 .6 4

D-273 44 .7 4 .1 5 42 .3 6 .2 6 42 .5 5 . 2B 3 6 .2 7 .2 7

D-414 45 .8 2 .53 42 .9 4 .3 8 43 .3 4 .3 9 40 ,2 3.67

D-409 4 7 .5 .71 45 .8 2.41 46 .1 2 .0 2 40 .8 6 .4 5

D-357 46 .6 1 .94 4 2 .3 •5 .7 4 4 1 .5 6 . 6 B 38 .2 7 .5 3

D-358 46.1 2 .0 6 4 0 .9 4 .7 9 40 .8 5.58 37 .3 8.31

D-538 47 .0 1 .64 42 .0 6 .4 8 40 .4 7 .7 3 39.4 8 .9 5

D-405 4 5 .2 2 .8 6 43 .4 4 .38 4 3 .5 4 .2 2 38 .9 6 .8 6

D-537 47.1 1.43 4 4 .5 3 .6 5 43.1 '4 .5 0 . 4 3 .2 5 .82

D-464 45 .8 2.14 4 3 .5 5 .0 1 4 1 .5 5.44 4 1 .6 5.76

D -a u 46 .4 1 .6 3 6 3 .0 5.26 43 .2 5.96 38 .5 7 .7 5

D -aio 46 .0 2.72 44.1 3 .0 5 45 .0 3 .13 4 3 .9 3.32

D-411 46 ,0 2 .2 3 4 2 .3 6 .1 0 41 .3 7 .0 3 37.1 9 .75

D-520 47.1 1.51 45 .7 3 .8 0 45 .7 3 .59 4 3 .7 6.64

\ y

SESSION

50 . 00* Sd 75 .00* Sd L in t o f  Boot P t (Y-Y1)* r *y

33.1 8 ,2 2 2 6 .2 4 .3 8  T - - .2 4 1 44 .55 7 .89 - . 9 8

32 .2 8 .2 2 2 7 .0 4 .4 3  1 - - .2 3 * 44 .02 6 .6 0 - .9 8

28 .9 4 .8 2 2 7 .6 6 .7 6  V - - .2 4 * 43 .9 5 18.22 - .9 6

3 2 .0 4 .6 0 2 8 .6 3.93  Y - -.2 3 * 45 .4 3 6 .2 7 - .9 9

32 .9 9 .3 5 29.0 5 .0 9  T - - . 26* 47.78 6 .84 - .9 9

34 .6 10.15 24 .2 3 .9 3  Y ■ - . 26* 45.38 1 2 .1 2 - .9 8

33 .3 7 .7 5 2 6 .0 3 .58  Y - - .2 4 * 44.00 8 .9 8 - . 9 6

31 .5 6 .0 1  • 23 .9 3 .9 6  Y - - .2 8 * 45.31 9 .6 9 - .9 9

35.1 6.79 23 .9 3 .60  Y « - .2 7 1 45 .9 0 13.02 - .9 8 .

32 .9 5.14 25 .3 4 .2 7  * * - .2 9 * 47.91 10.53 - .9 8

30.3 4 .2 2 24 .2 3 .53  Y - - .2 9 * 45.99 1 0 .6 1 - .9 8

29*2 5 .2 6 25.4 3 .28  Y - - .2 9 * 45.72 8,90 - .9 9

29 .9 7 .73 2 6 .8 4 .2 3  Y ■ - . 2 8 * 4 7 .24 1 8 .15 - .9 6

3 3 .6 B.28 2 8 .8 4 .2 4  Y • - . 21* 4 4 .18 6 .84 - .9 8 ■Cr
O

3 8 .6 7 .29 26 .5 2 .8 6  Y • - . 26* 48.51 2 1 .6 2 - . 9 6



F i g ,  7 .  A s t r a i g h t  l i n e  f i t  t o  t h e  p e r c e n t a g e  o f  c o r r e c t  d i s c r i m i n a ­

t i o n s  p e r  p e r c e n t a g e  o f  b a c k g r o u n d  n o i s e  f o r  a l l  i n t a c t  p i g e o n s .  Each 

d a t a  p o i n t  r e p r e s e n t s  t h e  mean number  o f  c o r r e c t  r e s p o n s e s  o b t a i n e d  a t  

each  n o i s e  l e v e l  f o r  e v e r y  i n t a c t  p i g e o n  s t u d i e d .  A s c a t t e r  d i a g r a m  o f  

a c t u a l  d a t a  p o i n t s  i s  n o t  p r e s e n t e d  b e c a u s e  a c t u a l  d e v i a t i o n s  f ro m  t h e  l i n e  

a r e  so  s m a l l  a s  t o  make them i n d i s t i n g u i s h a b l e .  T h e r e f o r e , t h e  r a n g e  o f  

a c t u a l  d a t a  p o i n t s  i s  r e p r e s e n t e d  by t h e  b r o k e n  l i n e s .  The e q u a t i o n  f o r  

t h e  l i n e a r  f i t  i s  Y = - . 5^X + 94 ,42 .  The c o r r e l a t i o n  b e tw ee n  t h e  number  

o f  c o r r e c t  r e s p o n s e s  and  t h e  p e r c e n t a g e s  o f  b a c k g r o u n d  n o i s e  i s  r  = - . 9 9 7 .  

The e r r o r  f u n c t i o n  ( y  -  y ) 2 = 7 . 7 9 6 1 .  The e r r o r  f u n c t i o n  i s  t h e  sum o f  

s q u a r e d  d e v i a t i o n s  o f  d a t a  p o i n t s  f rom  t h e  l i n e  o f  b e s t  f i t .
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s i s t e n t l y  v e r i f i e d  by t h e  h o m o g e n e o u s  p e r f o r m a n c e  o f  t h e  

p i g e o n s .

The t o t a l  num ber  o f  p r e o p e r a t i v e  s e s s i o n s  ( b o t h  t r a i n ­

i n g  an d  p s y c h o p h y s i c a l )  r e q u i r e d  f o r  t h e  b i r d s  t o  m ee t  t h e  

p e r f o r m a n c e  s t a b i l i t y  c r i t e r i o n  r a n g e d  f ro m  20 t o  56 s e s s i o n s  

w i t h  a  mean o f  32 and  a  s t a n d a r d  d e v i a t i o n  o f  9* The t o t a l  

num ber  o f  p s y c h o p h y s i c a l  t r i a l s  r e q u i r e d  t o  m e e t  t h e  s t a b i l i t y  

c r i t e r i o n  r a n g e d  f ro m  3 , 7 4 4 - 1 0 , 1 2 8  w i t h  a  mean o f  6 , 1 3 4  an d  

a  s t a n d a r d  d e v i a t i o n  o f  1 ,7 8 9 *  T h u s ,  a l l  o f  t h e  p i g e o n s  w e r e  

a b l e  t o  p e r f o r m  t h e  d i s c r i m i n a t i o n  and e v e n t u a l l y  m e e t  t h e  

s t a b i l i t y  c r i t e r i o n  i n  s p i t e  o f  m o d e r a t e  t o  h i g h  l e v e l s  o f  

b a c k g r o u n d  n o i s e  ( 4 2 . 6 7 ^ - 6 3 . 2 1 7 5 ) .  The a v e r a g e  amount  o f  n o i s e  

t h a t  d i d  n o t  i n t e r f e r e  w i t h  d i s c r i m i n a t i o n  a t  t h e  75% c o r r e c t  

l e v e l  was 53*3955 w i t h  a  s t a n d a r d  d e v i a t i o n  o f  7*4475. H e n c e ,  

t h e  p i g e o n s '  v i s u a l  c h a n n e l  c a p a c i t y  t o  d i s c r i m i n a t e  p a t t e r n s  

was e x c e e d e d  by p a t t e r n s  embedded i n  more  t h a n  63% n o i s e .  

T h e r e f o r e ,  t h e  v i s u a l  c h a n n e l  c a p a c i t y  f o r  t h e  p i g e o n s  i n  

t h i s  s t u d y  i s  l i m i t e d  an d  r e a c h e s  an  a s y m p t o t e  b e tw e e n  n o i s e  

l e v e l s  o f  Uo<% and 75?5*

I n  a n  a t t e m p t  t o  d i s c o v e r  i f  d i s c r i m i n a t i o n  p r a c t i c e  

d e t e r m i n e d  t h e  am ount  o f  i n f o r m a t i o n  which  t h e  p i g e o n  c o u l d  

v i s u a l l y  p r o c e s s ,  t h e  m a t h e m a t i c a l  r e l a t i o n s h i p  b e t w e e n  t h e  

am ount  o f  p r a c t i c e  and  t h e  d e g r e e  o f  v i s u a l  t o l e r a n c e  was  

e s t a b l i s h e d .  S i x  t y p e s  o f  c u r v e s  w e re  f i t t e d  t o  t h e  n o i s e  

i n b r f e r e n c e  i n d e x  p l o t  f o r  e a c h  s u b j e c t .  C u rv e  f i t t i n g  was 

a c c o m p l i s h e d  by c o m p u t e r .  The s i x  f u n c t i o n s  f i t t e d  t o  e ac h  

b i r d ' s  n o i s e  i n t e r f e r e n c e  i n d e x  f u n c t i o n  w e re  l i n e a r ,  e x p o -



n e n t i a l ,  p o w e r ,  and t h r e e  h y p e r b o l i c *  Y *  A + B /X ,

Y = l / (  A + B X ) , Y + x / ( A  + BX ).  F i g u r e  8 i l l u s t r a t e s  

s c a t t e r  d i a g r a m s  o f  t h e  a c t u a l  d a t a  p o i n t s  o f  e a c h  b i r d  

s u p e r i m p o s e d  o n  t h e  c u r v e  o f  b e s t  f i t  f o r  t h a t  b i r d .  As 

can  b e  s e e n ,  i n  10 o u t  o f  1 5  c a s e s  t h e  b e s t  f i t t i n g  c u r v e  

was a  h y p e r b o l i c  f u n c t i o n .  I n  t h e  r e m a i n i n g  5 c a s e s  t h e  

b e s t  f i t t i n g  f u n c t i o n  w as  e x p o n e n t i a l  i n  1 c a s e  (D -4 0 9 )  a n d  

l i n e a r  i n  t h e  r e m a i n i n g  4 .  T h u s ,  i n  m o s t  o f  t h e s e  o b s e r v a ­

t i o n s  p r a c t i c e  a p p e a r s  t o  p r o m o t e  t h e  n o r m a l  p i g e o n ' s  t o l e r ­

a n c e  o f  h i g h e r  n o i s e  l e v e l s  t o  a  p o i n t  w h e r e  l i t t l e  o r  no 

im p ro v e m e n t  o c c u r s i  w h i l e  i n  a  f e w  o t h e r  c a s e s ,  i t  would  a p p e a r  

t h a t  i n c r e a s e d  p r a c t i c e  l e a d s  t o  i n c r e a s e s  i n  d i s c r i m i n a t i o n  

e f f  i c i e n c y  a t  a  c o n s t a n t  r a t e .



F i g .  8 .  C u rv e s  o f  b e s t  f i t  f o r  t h e  n o i s e  i n t e r f e r e n c e  f u n c t i o n  

f o r  e a c h  p i g e o n .  S c a t t e r  d i a g r a m s  o f  t h e  a c t u a l  p o i n t s  o f  e ac h  b i r d  

a r e  s u p e r i m p o s e d  on t h e  c u r v e  o f  b e s t  f i t  f o r  t h a t  b i r d .  E q u a t i o n s  

f o r  t h e  c u r v e s  o f  b e s t  f i t  a r e  g i v e n  i n  T a b l e
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DISCUSSION

Experiment I  examined the effects of stimulus 
ambiguity on pattern discrimination. Stimulus ambiguity 
was created by superimposing increasing percentages of 
experimental noise on familiar visual patterns. As expected, 
the greater the stimulus ambiguity, the poorer the pigeon's 
capacity for accurately processing noise embedded patterns 
(see Fig. 7). The marked negative slope of the linear function 
clearly indicated that the amount of background noise has a 
detrimental effect on the accuracy of pattern discriminations. 
For small percentages of background noise, the accuracy is 
quite high but as the percentage of noise increases there is 
a linear decline in the percentage of correct discriminations. 
Thus, noise densities in excess of $0% interfered with pro­
cessing of the stimuli sufficiently to prevent discrimination 
at the 75?S correct level (see Table 1).

This finding of a linear relationship between the amount 
of background noise and the ability to discriminate the 
embedded patterns is similar to that obtained by French (195*0 
in a study of human visual processing. French studied pattern 
recognition as a function of both the number of dots com­
prising the pattern's surround and the number of dots consti­
tuting the pattern. A positive correlation was found between 
an increase in density of the dotted noise background and an 
increase in errors of pattern recognition. Similar results
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h a v e  t e e n  r e p o r t e d  i n  v i s u a l  m a s k in g  s t u d i e s  ( U t t a l ,  e t  a l . ,  

1 9 7 0 i L e v i n e  & M a y z n e r ,  1 9 7 6 1 B j o r k  & M urray*  1 9 7 7 ) .

T he  l i n e a r  f u n c t i o n s  f o u n d  i n  t h i s  s t u d y  a l s o  s u p p o r t  w h a t  

h a s  b e e n  d e s c r i b e d  a s  t h e  " d i s p l a y  s i z e  e f f e c t " , a  r e s u l t  

commonly f o u n d  i n  s i g n a l - d e t e c t i o n  e x p e r i m e n t s  ( E s t e s  A 

T a y l o r ,  1 9 7 6 ) .  The d i s p l a y  s i z e  e f f e c t  i s  o n e  i n  w h ich  

d e t e c t i o n  o f  a  s t i m u l u s  t a r g e t  d e c r e a s e s  a s  t h e  num ber o f  

n o i s e  e l e m e n t s  i n  t h e  s t i m u l u s  d i s p l a y  i n c r e a s e s .

I n d i v i d u a l  d i f f e r e n c e s  a p p e a r e d  i n  t h e  l i m i t s  o f  

d i s c r i m i n a t i v e  c a p a c i t y  when v i s u a l  n o i s e  w as i n t r o d u c e d .  

T h e s e  d i f f e r e n c e s  a r e  r e f l e c t e d  i n  t h e  w id e  r a n g e  o f  n o i s e  

i n t e r f e r e n c e  i n d e x e s  o b t a i n e d  ( 5 7 . 3 3 - 3 6 . 7 9 )  w h ic h  r e p r e s e n t  

t h e  h i g h e s t  l e v e l s  o f  v i s u a l  n o i s e  t h a t  i n t a c t  p i g e o n s  c a n  

t o l e r a t e  w h i l e  d i s c r i m i n a t i n g  X f ro m  0 .

P r a c t i c e  i n  d i s c r i m i n a t i n g  n o i s e - e m b e d d e d  p a t t e r n s  c a n  

im p ro v e  n o i s e  t o l e r a n c e .  I n  10 o u t  o f  1 5  c a s e s ,  a  h y p e r b o l i c  

e q u a t i o n  b e s t  d e s c r i b e d  t h e  f u n c t i o n a l  r e l a t i o n s h i p  o f  t h e  

n o i s e  i n t e r f e r e n c e  i n d e x  o v e r  s e s s i o n s .  T h e se  d a t a  i n d i c a t e  

t h a t  i n  m o s t  c a s e s ,  t h e  n o i s e  i n t e r f e r e n c e  i n d e x  c o u ld  be 

d e c r e a s e d  w i t h  p r a c t i c e ,  u n t i l  t h e  h i g h e r  p e r c e n t a g e s  o f  

n o i s e  im p o se d  a  p h y s i c a l  r e s t r i c t i o n  on  t h e  d i s c r i m i n a t i o n  

o f  t h e  p a t t e r n s .  T h i s  f i n d i n g  i s  s i m i l a r  t o  t h a t  o f  Rambo 

a n d  J o h n s o n  (1 9 6 4 )  who s t u d i e d  t h e  f u n c t i o n a l  r e l a t i o n s h i p  o f  

p r a c t i c e  e f f e c t s  and  a d a p t a t i o n  l e v e l  (A L )* a n  in d e x  w h ic h  

a l s o  a c c o u n t s  f o r  t h e  a l t e r a t i o n s  i n  s t i m u l u s  ju d g m e n ts  t h a t
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r e s u l t  f ro m  c h a n g e s  i n  s t i m u l u s  c o n t e x t  ( H e l s o n ,  1 9 6 4 ) ,

Rambo and  J o h n s o n  p l o t t e d  AL e s t i m a t e s  f ro m  human ju d g m e n ts  

o ; ’ n u m e r o u s n e s s  o f  d o t s  o v e r  a  s e r i e s  o f  4 5  t r i a l s  and  

d e t e r m i n e d  e q u a t i o n s  w h ich  r e f l e c t e d  t h e  c h a n g e  i n  AL w i t h  

p r a c t i c e .  T hey  f o u n d  t h a t  a  h y p e r b o l i c  e q u a t i o n  b e s t  

d e s c r i b e d  t h e  e f f e c t s  o f  p r a c t i c e  on AL. T h u s ,  l i k e  t h e  

a d a p t a t i o n  l e v e l ,  t h e  i n d e x  o f  n o i s e  t o l e r a n c e  v a r i e s  w i t h  

p r a c t i c e  b u t  t h e n  s h i f t s  t o  a  s t a b l e  l e v e l  v e r y  r a p i d l y  

d u r i n g  t h e  v e r y  e a r l y  s e s s i o n s .  T h i s  r e s u l t  i s  i m p o r t a n t  

f o r  i t  d e m o n s t r a t e s  t h a t  a l t h o u g h  p r a c t i c e  s u c c e e d s  i n  

i n c r e a s i n g  t h e  c a p a c i t y  t o  d i s c r i m i n a t e  n o i s e - e m b e d d e d  p a t ­

t e r n s ,  i t  d o e s  s o  w i t h i n  l i m i t s .  T h u s ,  t h e  r a n g e  o f  d i s c r i m ­

i n a t i v e  a b i l i t y  c a n  b e  q u a n t i t a t i v e l y  s t a t e d  w i t h  a  p s y c h o ­

p h y s i c a l  m e a s u re  o f  n o i s e  em bedded p a t t e r n  d i s c r i m i n a t i o n  i s  

e m p lo y e d .

O c c a s i o n a l l y ,  r e c t i l i n e a r  p s y c h o m e t r i c  f u n c t i o n s  a r e  

o b t a i n e d  i n  e x p e r i m e n t s  on s e n s o r y  d i s c r i m i n a t i o n .  T h e  

sam e i s  t r u e  o f  t h i s  e x p e r i m e n t  w h ere  4  o u t  o f  15 c a s e s  show ed 

a  l i n e a r  r e g r e s s i o n  o f  t h e  n o i s e  i n t e r f e r e n c e  i n d e x  o v e r  

s e s s i o n s .  A p o s s i b l e  e x p l a n a t i o n  o f  t h e  l i n e a r  f u n c t i o n s  

d e m o n s t r a t e d  by p i g e o n s  D -4 0 8 ,  D -4 1 1 ,  D -4 1 2  and  D -538  i s  t h a t  

t h e  f u n c t io n s  a r e  i n c o m p l e t e ,  i . e . ,  t h e  p s y c h o p h y s i c a l  t r a i n ­

i n g  was n o t  g i v e n  l o n g  enough  f o r  t h e  i n t e r f e r e n c e  f u n c t i o n s  

t o  b o t to m  o u t .
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T h e r e  i s  a n o t h e r  e x p l a n a t i o n  h o w e v e r .  P e r h a p s  t h e s e  

p i g e o n s  w ere  a b l e  t o  o b t a i n  s e n s o r y  e v id e n c e  ( e . g . ,  c o n s t a n t  

d i f f e r e n c e s  i n  t h e  p a t t e r n  f e a t u r e s )  w hich  a l l o w e d  them  t o  

u n a m b ig u o u s ly  c h o o s e  t h e  c o r r e c t  r e s p o n s e *  i . e . ,  t h o s e  p i g e o n s  

w i t h  l i n e a r  f u n c t i o n s  m ig h t  h a v e  b e e n  a b l e  t o  r e j e c t  a  p r o ­

p o r t i o n  o f  n o i s e  a s  b e i n g  s i g n a l  on  t h e  b a s i s  o f  p a t t e r n  

f e a t u r e s  l e a r n e d  w i t h  r e p e a t e d  e x p o s u r e s ,  e . g . ,  t h e  p r e s e n c e  

o f  t h e  open  c e n t e r  i n  t h e  0 p a t t e r n  v s  t h e  a b s e n c e  o f  t h e  o p e n  

c e n t e r  i n  t h e  X p a t t e r n .  Some r e s u l t s  o f  s i g n a l - d e t e c t i o n  

s t u d i e s  s u p p o r t  t h i s  c o n j e c t u r e .  S w e t s ,  T a n n e r  a n d  B i r d s a l l  

( 1 9 6 1 )  c o n d u c te d  a  f o r c e d  c h o i c e  s i g n a l  d e t e c t i o n  t a s k  i n  

w h ich  s e c o n d  c h o i c e s  w e re  p e r m i t t e d  i f  an  o b s e r v e r  d id  n o t  

make a  c o r r e c t  s e l e c t i o n  on h i s  f i r s t  a t t e m p t .  S w e ts  and 

c o l l e a g u e s  f o u n d  t h a t  s e c o n d  c h o i c e s  show b e t t e r  t h a n  c h a n c e  

d i s c r i m i n a t i o n .  S i m i l a r l y ,  Brown (1964*  1965) f o u n d  t h a t  

s e c o n d  c h o i c e s  i n  l e a r n i n g  e x p e r i m e n t s  a r e  n o t  ran d o m , b u t  

a r e  b a s e d  on i n f o r m a t i o n  a b o u t  t h e  c o r r e c t  r e s p o n s e .

W h e th e r  t h e  f u n c t i o n a l  r e l a t i o n s h i p  o f  p r a c t i c e  t o  

n o i s e - e m b e d d e d  p a t t e r n  d i s c r i m i n a t i o n  i s  h y p e r b o l i c  o r  l i n e a r ,  

E x p e r im e n t  I  h a s  shown t h a t  t h e r e  i s  a  p h y s i c a l  l i m i t  i n  t h e  

am ount o f  n o i s e  t h e  v i s u a l  s y s t e m  c a n  s u p p r e s s  w h i l e  p r o c e s ­

s i n g  p a t t e r n  i n p u t .  T h i s  f i n d i n g  u n d e r s c o r e s  t h e  a p p r o p r i a t e ­

n e s s  o f  a p p l y i n g  t h e  c o n c e p t  o f  l i m i t e d  c h a n n e l  c a p a c i t y  t o  

t h e  v i s u a l  p r o c e s s i n g  o f  n o i s e - e m b e d d e d  p a t t e r n s .
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U n d o u b te d ly ,  t h e  s p a t i a l  i n t e r a c t i o n  o f  p a t t e r n  and 

n o i s e  l e d  t o  p e r f o r m a n c e  d e f i c i t s  i n  t h e  p r e s e n t  e x p e r i m e n t .  

P e r f o r m a n c e  d e f i c i t s  on v i s u a l - s i g n a l - d e t e c t i o n  t a s k s  h a v e  

b e e n  shown t o  v a r y  a s  a  f u n c t i o n  o f  t h e  s p a t i a l  i n t e r a c t i o n  

o f  t h e  v i s u a l  n o i s e  w i th  t h e  t a r g e t  s t i m u l i  ( B j o r k  & M u rra y ,  

1 9 7 7 ) .  A d d i t i o n a l l y ,  t h e r e  i s  e v i d e n c e  t o  s u g g e s t  t h a t  t h e  

n o i s e  e l e m e n t s  i n  a  d i s p l a y  a d v e r s e l y  a f f e c t  s i g n a l  d e t e c t i o n  

by c r e a t i n g  c o n f u s i o n  b e tw e e n  s i g n a l  an d  n o i s e  e i t h e r  by 

p e r c e p t u a l  g r o u p i n g  o f  t h e  s t i m u l u s  t a r g e t  w i t h  t h e  n o i s e  

(B a n k s  & P r i n z m e t a l ,  1 9 7 6 ) ,  by  t h e  d e g r e e  o f  s i m i l a r i t y  o f  

s i g n a l  t o  n o i s e  ( B j o r k  & M u r ra y ,  1 9 7 7 )  o r  t h e  p r o x i m i t y  o f  

s i g n a l  t o  n o i s e  ( B j o r k  & M u r ra y ,  1 9 7 7 )*  L i k e w i s e ,  d e f i c i t s  

i n  n o i s e - e m b e d d e d  p a t t e r n  d i s c r i m i n a t i o n  becam e e v i d e n t  i n  

t h e  p r e s e n t  e x p e r i m e n t  when an  i n c r e a s e  i n  t h e  d e n s i t y  o f  

n o i s e  b a c k g r o u n d s  i m p o v e r i s h e d  t h e  v i s i b i l i t y  o f  t h e  p a t t e r n  

s t i m u l i  v i a  s p a t i a l  i n t e r a c t i o n .

I n t r i g u i n g ,  h o w e v e r ,  i s  t h e  p r o s p e c t  t h a t  t h e  d e g r e e  o f  

p e r f o r m a n c e  d e f i c i t  v a r i e d  a s  a  f u n c t i o n  o f  t h e  d e c r e a s e d  

l a t e r a l  i n h i b i t i o n  r e s u l t i n g  f ro m  t o o  much s p a t i a l  i n t e r a c t i o n .  

L a t e r a l  i n h i b i t i o n ,  a  t y p e  o f  r e s p o n s e  i n h i b i t i o n  i s  due t o  

an i n t e r a c t i v e  r e s p o n s e  t o  s t i m u l a t i o n  m a n i f e s t e d  by  c o n t i g u ­

o u s  n e u r a l  e l e m e n t s  a t  a l l  l e v e l s  o f  t h e  v i s u a l  s y s t e m  

( e . g . ,  K u f f l e r ,  1 9 5 3 i  B a u m g a r tn e r  & H a k a s ,  1 9 5 9 )*  S u p p o s e d ly ,  

t h e  l a t e r a l  i n h i b i t o r y  m ech an ism s  w h ich  a r e  o p e r a t i v e  i n  

c o r t i c a l  n e u r o n s  t h a t  a r e  s e n s i t i v e  t o  s p e c i f i c  s t i m u l u s



52

f e a t u r e s  ( e . g . ,  o r i e n t a t i o n ,  c o n t o u r )  e n h a n c e  t h e  c o n t r a s t  

b e tw e e n  t h e  o p tim u m  s t i m u l u s  a n d  i t s  b a c k g r o u n d  ( e . g . ,  R a t l i f f ,  

1 9 6 1 ) .  MacKay ( 1 9 7 3 )  s u g g e s t s  t h a t  v i s u a l  s y s t e m s  may a l s o  

h a v e  v i s u a l  u n i t s  w h ic h  a r e  s e n s i t i v e  t o  t h e  t e x t u r e  d e n s i t y  

o f  v i s u a l  s t i m u l i  a n d  t h a t  t h e s e  u n i t s  may b e  c a p a b l e  o f  a  

g r a d i e n t  e n h a n c i n g  p r o c e s s .  T h a t  i s ,  t h e  i n h i b i t i o n  b e tw e e n  

u n i t s  w h ic h  r e s p o n d  m a x im a l ly  t o  t h e  d e n s i t y  o f  v i s u a l  s t i m u l i  

o p e r a t e s  t o  e n h a n c e  l o c a l  d e n s i t y  g r a d i e n t s  ( e . g . ,  t h e  ed g e  

b e tw e e n  tw o  s u r f a c e s  o f  d i f f e r e n t  m a t e r i a l ,  o r  t h e  e d g e  b e tw e e n  

t h e  s o l i d  X p a t t e r n  a n d  t h e  s t i p p l e d  s t a t i c  n o i s e  b a c k g r o u n d ) .  

I n  s u p p o r t  o f  t h i s  c o n j e c t u r e ,  r e c e n t  e x a m p le s  o f  r e s p o n s e  

i n h i b i t i o n  i n d u c e d  by  v i s u a l  n o i s e  h a v e  b e e n  o b s e r v e d  i n  

a v i a n  t e c t a l  u n i t s .  In a  s t u d y  b y  F r o s t  ( 1 9 7 8 ) .  t e c t a l  

n e u r o n s  w h ic h  n o r m a l l y  r e s p o n d e d  t o  m o v in g  c i r c l e s  o f  l i g h t  

w e re  i n h i b i t e d  b y  s e p a r a t e  3 t i p p l e d  b a c k g r o u n d  p a t t e r n s  w h ich  

w e re  s i m u l t a n e o u s l y  moved i n  t h e  sam e d i r e c t i o n .  T h i s  s i t u ­

a t i o n  i s  s i m i l a r  t o  t h e  s t a t i c  p a t t e r n - n o i s e  p r e s e n t a t i o n s  u s e d  

i n  t h e  p r e s e n t  e x p e r i m e n t . .  T h u s ,  i n t e r a c t i v e  i n h i b i t i o n  may 

h a v e  b e e n  t h e  p r i m a r y  m e c h a n is m  t h a t  d e t e r m i n e d  t h e  v i s u a l  

c h a n n e l  c a p a c i t y  f o r  p r o c e s s i n g  n o i s e - e m b e d d e d  p a t t e r n s ,  o r  

p u t  a n o t h e r  w a y ,  t h e  minimum p a t t e r n - t o - n o i s e  r a t i o  t h e  a v i a n  

v i s u a l  s y s t e m  c o u l d  e f f i c i e n t l y  p r o c e s s .  C o n v e r s e l y ,  o n c e  

t h e  c h a n n e l  c a p a c i t y  f o r  n o i s e - e m b e d d e d  d i s c r i m i n a t i o n  h a d  

b e e n  e x c e e d e d  by  h i g h  n o i s e  l e v e l s ,  a  d e c r e a s e d  a b i l i t y  t o  

p r o c e s s  p a t t e r n s  em bedded  i n  d e n s e  n o i s e  f i e l d s  may h a v e  b e e n
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due t o  a n  a b s e n c e  o f  i n t e r a c t i v e  i n h i b i t i o n *  T h a t  i s ,  

h e a v y  d e n s i t i e s  o f  v i s u a l  n o i s e  c o u ld  h a v e  o b s c u r e d  o r  

f l a t t e n e d  t h e  s p a t i a l  g r a d i e n t s  b e tw e e n  t h e  p a t t e r n  and  

n o i s e  e l e m e n t s  and  t h u s  s u p p r e s s e d  t h e  i n h i b i t o r y  m e c h a n ism s  

o f  " d e n s i t y  s p e c i f i c "  u n i t s .



5^

EXPERIMENT I I

E x p e r im e n t  I I  i n v e s t i g a t e s  t h e  e f f e c t s  o f  e c t o s t r i a t a l  

an d  v i s u a l  w u l s t  l e s i o n s  on  t h e  d i s c r i m i n a t i o n  o f  t h e  sam e 

n o i s e - e m b e d d e d  p a t t e r n s  u s e d  i n  E x p e r i m e n t  I .

I f  t e l e n c e p h a l i c  c o m p o n e n ts  o f  t h e  v i s u a l  s y s te m  a c t  

a s  f i l t e r s  t h a t  a t t e n u a t e  b a c k g r o u n d  n o i s e  d u r i n g  v i s u a l  

d i s c r i m i n a t i o n ,  t h e n  d i s r u p t i o n  o f  e i t h e r  t h e  e c t o s t r i a t u m  

o r  v i s u a l  w u l s t  s h o u l d  s u c c e e d  i n  i n c r e a s i n g  t h e  l o a d ,  v i a  

i n t e r n a l  n o i s e ,  on  t h e  l i m i t e d  c h a n n e l  c a p a c i t y  f o r  n o i s e -  

em bedded p a t t e r n  d i s c r i m i n a t i o n .  H e n c e ,  we may e x p e c t  p a t t e r n -  

n o i s e  i n p u t s  w h ic h  a r e  l o w e r  t h a n  t h o s e  p r e o p e r a t i v e l y  t o l e r ­

a t e d  t o  p r o h i b i t  n o i s e - e m b e d d e d  p a t t e r n  d i s c r i m i n a t i o n  a f t e r  

t e l e n c e p h a l i c  d am ag e .
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METHOD

S u r g i c a l  P r o c e d u r e

W i t h i n  2 4 - 7 2  h r s .  o f  s a t i s f y i n g  t h e  s t a b i l i t y  c r i t e r ­

i o n  t h e  p i g e o n s  w e re  a n e s t h e t i z e d  v i a  i n h a l a t i o n  o f  a  

m i x t u r e  o f  m e t h o x y f l u r a n e ,  9 5% o x y g e n  and  5% c a r b o n  d i o x i d e  

o r  b y  i n t r a m u s c u l a r  i n j e c t i o n  o f  K e ta m in e  a n d  s e c u r e d  f i r m l y  

i n  a  K o p f  s t e r e o t a x i c  i n s t r u m e n t  w i t h  p i g e o n  a d a p t e r s  ( K a r t e n  

& H o d o s ,  1 9 6 7 ) •  T he  s i t e  o f  i n c i s i o n  w as i n f i l t r a t e d  w i th  

X y lo c a in e  t o  p e r m i t  wound c l o s u r e  u n d e r  r e d u c e d  g e n e r a l  

a n e s t h e s i a .  T he  c r a n iu m  w as e x p o s e d  an d  t h e  a r e a  b o r d e r i n g  

t h e  i n t e n d e d  c o r t i c a l  e x p o s u r e  w as m a rk e d .  C r a n ie c to m y  was 

a c c o m p l i s h e d  u s i n g  a  g a s - t u r b i n e  d e n t a l  d r i l l  w i t h  t h e  v i s u a l  

a i d  o f  a n  o p e r a t i n g  m i c r o s c o p e .

B i l a t e r a l ,  a n o d a l  e l e c t r o l y t i c  l e s i o n s  w e re  made i n  t h e  

e c t o s t r i a t u m ,  v i s u a l  w u l s t ,  an d  c a u d a l  n e o s t r i a t u m  w i t h  s i z e  

00 s t a i n l e s s  s t e e l  i n s e c t  p i n s  i n s u l a t e d  e x c e p t  f o r  3 ,  5 o r  

9  mm a t  t h e  t i p .  T he e l e c t r o d e  w i t h  3 mm o f  t h e  t i p  e x p o s e d  

was i n s e r t e d  h o r i z o n t a l l y  i n t o  t h e  e c t o s t r i a t u m .  A t o t a l  

d e s t r u c t i o n  o f  t h e  e c t o s t r i a t u m  was a t t e m p t e d  by  p a s s i n g  2*5 

mA o f  c u r r e n t  f o r  20 s e c  a t  3 p o i n t s  a l o n g  t h e  e x t e n t  o f  t h e  

e c t o s t r i a t u m  a t  d e p t h s  i n d i c a t e d  by  t h e  K a r t e n  a n d  HodoB 

p i g e o n  a t l a s  ( 1 9 6 7 )* A 8 . 8 ,  9 . 6 , 1 0 .4 *  L 3 . 8 , 4 . 2 ,  4 . 0 j  

V 1 0 . 2 ,  1 0 . 0 ,  9 * 6 .  T he  5 mm an d  9 mm t i p  e l e c t r o d e s  w ere  

d i r e c t e d  t o w a r d s  t h e  v i s u a l  w u l s t  i n  t h e  p a r a s a g i t t a l  p l a n e .  

B o th  e l e c t r o d e s  w e re  i n s e r t e d  a t  a n g l e s  o b l i q u e  t o  t h e  c o r t i c a l
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s u r f a c e  ( 6 0 °  -  5 mm t i p ,  J*3° -  9  mm t i p ) .  A t o t a l  d e s t r u c ­

t i o n  o f  t h e  v i s u a l  w u l s t  w as  a t t e m p t e d  by  p a s s i n g  3 mA o f  

c u r r e n t  f o r  10  s e c  a t  5 p o i n t s  a l o n g  t h e  l a t e r a l  and  v e r t i c a l  

p l a n e s  a t  d e p t h s  i n d i c a t e d  b y  t h e  p i g e o n  a t l a s * A 1 3 • 5s 

L 1 . 5 ,  2 . 0 ,  2 . 5 .  3 . 5 .  ^ . 0 ;  V 9 . 2 .  1 0 . 3 .  H . l .  1 0 . 5 .  H . 2 .  

H o r i z o n t a l  an d  o b l i q u e  e l e c t r o d e  a p p r o a c h e s  w e r e  u s e d  i n  o r d e r  

t o  s e l e c t i v e l y  d e s t r o y  t h e  e c t o s t r i a t e  n u c l e u s  o r  t h e  v i s u a l  

w u l s t  l a m i n a e  w i t h o u t  d i s r u p t i n g  t h e  v e n t r a l  h y p e r s t r i a t e  

l a m i n a  w h ic h  a d j o i n s  b o t h  e c t o s t r i a t u m  a n d  v i s u a l  w u l s t .  B i ­

l a t e r a l  c o n t r o l  l e s i o n s  w e re  m ade i n  t h e  c a u d a l  n e o s t r i a t u m  

u s i n g  t h e  3 mm t i p  e l e c t r o d e  a im e d  v e r t i c a l l y  i n  t h e  c a u d a l  

n e o s t r i a t u m  a t  d e p t h s i  A 5 . ^ .  ^ - 6 ,  3 .8 »  L f c .5 ,  5 . 0 j  V 1 1 . 0 .

P o s t o p e r a t i v e  R e t e s t i n g

A f t e r  ?  d a y s  o f  p o s t o p e r a t i v e  r e c o v e r y ,  d i s c r i m i n a t i o n  

t e s t i n g  w as  re su m e d  u s i n g  t h e  sam e p r e o p e r a t i v e  p r o c e d u r e s .  

P o s t o p e r a t i v e  t r a i n i n g  w as c o n t i n u e d  u n t i l  t h e  s t a b i l i t y  

c r i t e r i o n  w as  m et o r  u n t i l  t h e  n u m b e r  o f  p o s t o p e r a t i v e  s e s ­

s i o n s  m a tc h e d  t h e  n u m b e r  o f  s e s s i o n s  t h e  s u b j e c t s  r e q u i r e d  

t o  s t a b i l i z e  t h e i r  p r e o p e r a t i v e  p e r f o r m a n c e .

One p i g e o n  s e r v e d  a s  a n  u n o p e r a t e d  c o n t r o l .  A f t e r  a  

s t a b l e  n o i s e - i n t e r f e r e n c e  i n d e x  h a d  b e e n  o b t a i n e d ,  t h i s  u n o p ­

e r a t e d  p i g e o n  was r e t e s t e d  a f t e r  a  t h r e e - w e e k  h i a t u s .
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H i s t o l o g i c a l  P r o c e d u r e

When t h e  p o s t - o p e r a t i v e  b e h a v i o r a l  a s s e s s m e n t  was 

c o m p l e t e d ,  t h e  p i g e o n s  w e re  d e e p l y  a n e s t h e t i z e d  w i t h  s o d iu m  

p e n t o b a r b i t a l  a n d  s u b j e c t e d  t o  c a r d i a c  p e r f u s i o n  v i a  t h e  

l e f t  v e n t r i c l e  w i t h  n o r m a l  s a l i n e  f o l l o w e d  by H e i d e n h a i n ' s  

s o l u t i o n  ( w i t h o u t  m e r c u r i c  c h l o r i d e ) .  A f t e r  p e r f u s i o n  t h e  

b i r d  w as d e c a p i t a t e d  an d  t h e  c a l v a r i u m  w as rem o v ed  t o  e x p o s e  

t h e  b r a i n .  The h e a d  was su b m erg ed  i n  H e i d e n h a i n ’ s  s o l u t i o n  

f o r  24 h r s .  b e f o r e  t r a n s f e r r i n g  i t  t o  1 0 #  f o r m o l - s a l i n e  f o r  

a d d i t i o n a l  f i x a t i o n .  A f t e r  1 - 3  w e e k s ,  t h e  h e a d  was rem oved  

f r o m  t h e  f i x a t i v e ,  p l a c e d  i n  t h e  s t e r e o t a x i c  i n s t r u m e n t ,  

an d  b l o c k e d  i n  s i t u  i n  t h e  t r a n s v e r s e  o r  s a g i t t a l  p l a n e  w i t h  

a  s c a l p e l  b l a d e  m o u n ted  i n  an  e l e c t r o d e  c a r r i e r  a s  d e s c r i b e d  

by  K a r t e n  and  H o d o s  ( 1 9 6 7 ) .  The b l o c k e d  t i s s u e  was t h e n  

re m o v ed  f ro m  t h e  s k u l l  a n d  a l l o w e d  t o  f i x  i n  f o r m o l - s a l i n e  

f o r  s e v e r a l  m ore  d a y s .  A f t e r  f i x a t i o n  was c o m p l e t e ,  t h e  

t i s s u e  b l o c k  w as d e h y d r a t e d  i n  g r a d e d  c o n c e n t r a t i o n s  o f  

e t h a n o l ,  c l e a r e d  i n  ce d a rw o o d  o i l ,  an d  em bedded i n  p a r a f f i n .  

T h e  p a r a f f i n i z e d  t i s s u e  w as s e c t i o n e d  on a  r o t a r y  m ic ro to m e  

a t  10  pm i n  t h e  t r a n s v e r s e  o r  s a g i t t a l  p l a n e .  S e c t i o n s  o f  

t h e  e c t o s t r i a t u m  e a s e s  w e re  made i n  t h e  t r a n s v e r s e  p l a n e  

b e c a u s e  t h e  e c t o s t r i a t a l  b o u n d a r i e s  a r e  m ore  o b v io u s  when 

v ie w e d  t r a n s v e r s e l y .  S a g i t t a l  s e c t i o n s  w ere  t a k e n  i n  t h e  

v i s u a l  w u l s t  b e c a u s e  t h e  b o u n d a r i e s  o f  t h e  v i s u a l  w u l s t  a r e  

m o s t  e a s i l y  v i s u a l i z e d  i n  t h a t  p l a n e  o f  s e c t i o n .  E v e ry  t e n t h
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s e c t i o n  w as m o u n te d  a n d  s t a i n e d  f o r  c e l l s  an d  m y e l i n a t e d  

f i t e r s  a c c o r d i n g  t o  a  m o d i f i c a t i o n  o f  t h e  K l u v e r - B e r r e r a  

m e th o d  (1 9 5 3 )*  T h e  s e c t i o n e d  b r a i n s  w e r e  e x a m in e d  u s i n g  a  

L e i t z  M ak ro p ro m a r  p r o j e c t o r .  T he  l e s i o n s  w e re  t h e n  r e ­

c o n s t r u c t e d  and  t r a n s f e r r e d  o n t o  s t a n d a r d  d r a w in g s  o f  t r a n s ­

v e r s e  o r  s a g i t t a l  s e c t i o n s  t h r o u g h  an  i n t a c t  b r a i n  d e r i v e d  

f ro m  t h e  K a r t e n  an d  H o d o s  a t l a s  ( 1 9 6 ? ) .  E a c h  b r a i n  w as a l s o  

ex a m in e d  m i c r o s c o p i c a l l y  f o r  a r e a 3  o f  n e c r o s i s .  I n  a d d i t i o n ,  

i n d i c a t i o n s  o f  g l i o s i s ,  r e t r o g r a d e  c h r o m a t o l y s i 3 ,  c e l l  l o s s  

an d  d e m y l i n a t i o n  w e re  r e c o r d e d .  T he l e s i o n  r e c o n s t r u c t i o n s  

w e re  t h e n  u s e d  t o  e s t i m a t e  t h e  v o lu m e  o f  dam aged t i s s u e  by 

s u p e r i m p o s i n g  a  t r a n s l u c e n t  m i l l i m e t e r  s q u a r e  g r i d  o v e r  each  

r e c o n s t r u c t i o n  a n d  m e a s u r i n g  t h e  a r e a  o f  n e c r o s i s .  T he 

a r e a s  w e re  t h e n  summed a c r o s s  p l a t e s  a n d  t h e  v o lu m e  o f  t h e  

l e s i o n  c a l c u l a t e d  by t h e  f o l l o w i n g  f o rm u la s

S i n c e  t h e  l e s i o n s  w e re  r e c o n s t r u c t e d  o n t o  p l a t e s  r e p r e s e n t ­

i n g  u n i f o r m l y  s p a c e d  s e c t i o n s  t h r o u g h  an  i n t a c t ,  u n p r o c e s s e d  

b r a i n ,  no c o r r e c t i o n  f o r  s h r i n k a g e  i s  n e c e s s a r y .

I * in which

3
V = v o lu m e  i n  mrrr 

2
A = a r e a  i n  mm

I  = i n t e r v a l  i n  mm 

M = l i n e a r  m a g n i f i c a t i o n  f a c t o r ,

(M = a r e a l  m a g n i f i c a t i o n  f a c t o r )
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RESULTS

H i s t o l o g i c a l  R e s u l t s

A n a t o m i c a l  d a t a  a r e  p r e s e n t e d  f o r  a l l  b u t  2 s u b j e c t s ,  

one  o f  w h ic h  s e r v e d  a s  a n  u n o p e r a t e d  c o n t r o l  a n d  t h e  o t h e r  

w hose  b r a i n  was i n a d v e r t e n t l y  dam aged  d u r i n g  h i s t o l o g i c a l  

p r o c e s s i n g .

A m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  r e m a i n i n g  1 3  c a s e s  

r e v e a l e d  4  t y p e s  o f  l e s i o n s i  b i l a t e r a l  e c t o s t r i a t e  l e s i o n s  

(1+ c a s e s ) ,  b i l a t e r a l  v i s u a l  w u l s t  l e s i o n s  ( 3  c a s e s ) ,  b i l a t ­

e r a l  c a u d a l  n e o s t r i a t u m  l e s i o n s  ( 2  c a s e s ) ,  a n d  m ix e d  l e s i o n s  

( 4  c a s e s ) .  T h i s  l a t t e r  g r o u p  i s  c o m p r i s e d  o f  c a s e s  w h ich  

w e re  i n t e n d e d  t o  b e  v i s u a l  w u l s t  l e s i o n  c a s e s .  H o w e v e r ,  

t h e  a c t u a l  l e s i o n s  p r o v e d  t o  be  e i t h e r  t o o  e x t e n s i v e  ( i n c l u d ­

i n g  b o t h  v e n t r a l  h y p e r s t r i a t u m  an d  e c t o s t r i a t u m )  o r  i n s u f f i ­

c i e n t l y  e x t e n s i v e  ( d e a f f e r e n t i n g  t h e  v i s u a l  w u l s t  b u t  

r e s t r i c t e d  t o  t h e  v e n t r a l  h y p e r s t r i a t u m ) .  P h o t o m i c r o g r a p h s ,  

r e p r e s e n t a t i v e  o f  e a c h  l e s i o n  g r o u p ,  a r e  show n i n  F i g u r e s  1 1 ,  

1 5 .  17 & 2 0 .  R e c o n s t r u c t i o n s  o f  t h e  e x t e n t  o f  e a c h  l e s i o n  

an d  t h e  a c c o m p a n y in g  c e l l u l a r  d e g e n e r a t i o n  a r e  show n on c r o s s  

s e c t i o n s  d e r i v e d  f r o m  t h e  p i g e o n  a t l a s  i n  F i g u r e s  9 .  1 3 .  1 6 ,  

18 & 1 9 .  S o l i d  b l a c k  r e g i o n s  r e p r e s e n t  t h e  b o u n d a r i e s  o f  

n e c r o t i c  t i s s u e  w h i l e  s t i p p l e d  a r e a s  i n d i c a t e  t h e  e x t e n t  o f  

c h r o m a t o l y t i c  c h a n g e s .  T h e  r e s u l t a n t  r e t r o g r a d e  d e g e n e r a t i o n  

o f  c e l l s  i n  t h e  t h a l a m u s  ( s t i p p l e d  z o n e s )  a r e  show n i n  F i g ­

u r e s  12  & 2 1 .  T a b l e  2 g i v e s  t h e  p e r c e n t a g e  o f  t h e  t o t a l



T able 2 . PERCENTAGES OF THE TELENCEPHALON THAT WERE DESTROYED

T o t a l V e n t r a l
T e l e n ­ E c to ­ H y p e r ­ V i s u a l C a u d a l

L e s io n  Group P ig e o n c e p h a lo n * * s t r i a t u m s t r i a t u m W u ls t N e o s t r i a t u m

L R L R L R L R

ECTOSTRIATUM D -355 6 87 100 2 0 0 0 0 0
D-408 2 41 24 1 0 0 0 0 0
D-273 4 43 42 0 0 0 0 0 0
D -414 3 22 3 0 0 0 0 0 0

VISUAL WULST D-358 10 0 0 23 29 77 36 0 0
D-520 7 0 0 1 17 74 82 0 0
D-537 2 0 0 0 0 51 76 0 0

CAUDAL
NEOSTRIATUM D -464 1 0 0 0 0 0 0 9 14

D-412 4 0 0 0 0 0 0 35 19

MIXED LESIONS D-357 24 0 8 46 72 94 100 0 0
D-409 11 27 0 42 17 78 32 0 0
D -405 6 0 0 20 18 2* 0* 0 0
D-538 4 0 0 20 12 0* 0* 0 0

* A s c e n d in g  f i b e r s  f ro m  th a la m u s  a r e  i n t e r r u p t e d .

* * I n c l u d e s  damage t o  s t r u c t u r e s  l i s t e d  i n  t a b l e  a s  w e l l  a s  i n j u r y  t o  r e m a in in g  
s t r u c t u r e s  o f  t h e  t e l e n c e p h a l o n .
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v o lu m e  o f  t h e  t e l e n c e p h a l o n  t h a t  s u s t a i n e d  dam age a n d  t h e  

p e r c e n t a g e s  o f  v a r i o u s  c o m p o n e n ts  t h a t  w e re  d e s t r o y e d .  I n  

t h e  f o l l o w i n g  a n a t o m i c a l  d e s c r i p t i o n s  o f  l e s i o n s ,  s l i g h t  

damage w i l l  r e f e r  t o  i n j u r y  l e s s  t h a n  30#  o f  t h e  t o t a l  b i l a t ­

e r a l  v o lu m e  o f  a  g i v e n  s t r u c t u r e .  M o d e ra te  w i l l  d e s c r i b e  

3 0 # -5 0 #  d e s t r u c t i o n  o f  t h e  t o t a l  b i l a t e r a l  v o lu m e  an d  e x t e n s i v e  

w i l l  i n d i c a t e  l e s i o n s  i n v o l v i n g  5 0 # -1 0 0 #  o f  t h e  t o t a l  b i l a t e r a l  

v o lu m e .

E c t o s t r i a t u m  L e s i o n s

P i g e o n  D -3 5 5  ( P i g .  9 )  s u s t a i n e d  a n  a lm o s t  c o m p le t e  

and  s y m m e t r i c a l  a b l a t i o n  o f  e c t o s t r i a t e  t i s s u e .  As shown i n  

t h e  a c c o m p a n y in g  p h o t o m i c r o g r a p h  ( F i g .  11) t h e  i n j u r y  was 

g e n e r a l l y  r e s t r i c t e d  t o  e c t o s t r i a t u m  w i t h  o n ly  a  s l i g h t  

i n v a s i o n  o f  t h e  a d j o i n i n g  n e o s t r i a t u m  and  p a l e o s t r i a t u m .  A 

s m a l l  c i r c u m s c r i b e d  a r e a  o f  c e l l  l o s s  w as a l s o  a p p a r e n t  

u n i l a t e r a l l y  i n  t h e  v e n t r a l  h y p e r s t r i a t u m .  T h i s  a p p e a r e d  

t o  r e s u l t  f ro m  a n  i n f a r c t  w h ich  o c c u r r e d  a t  t h e  d o r s a l  

b o u n d a r y  o f  t h e  p e r i e c t o s t r i a t a l  b e l t .  B i l a t e r a l  r e t r o g r a d e  

d e g e n e r a t i o n  o f  t h e  n u c l e u s  r o t u n d u s  i n  t h e  t h a l a m u s  was 

c o m p le t e  ( F i g .  1 2 ) .

P i g e o n  D -4 0 8  ( P i g .  9 )  s u f f e r e d  a  m o d e r a te  l e s i o n  o f  

e c t o s t r i a t u m  a c c o m p a n ie d  by  a  v e r y  s l i g h t  i n v a s i o n  o f  v e n t r a l  

h y p e r s t r i a t u m ,  l a t e r a l  n e o s t r i a t u m ,  a n d  p a l e o s t r i a t u m .

A l th o u g h  t h e  l e s i o n  i n  e c t o s t r i a t u m  p r o p e r  was n o t  e x t e n s i v e ,  

t h e  i n j u r y  s u c c e e d e d  i n  t r a n s e c t i n g  t h e  t h a l a m o s t r i a t e  t r a c t



F i g ,  9« R e c o n s t r u c t i o n s  o f  b i l a t e r a l  l e s i o n s  i n  t h e  e c t o s t r i a t u m  (E ) 

o n to  s t a n d a r d  b r a i n  c h a r t s  d e r i v e d  from  t h e  p i g e o n  a t l a s  ( K a r t e n  & H o d o s ,  

1 9 6 7 ) •  B la c k  a r e a s  i n d i c a t e  z o n e s  o f  n e c r o s i s .  S t i p p l e d  a r e a s  i n d i c a t e  

r e g i o n s  o f  c e l l  l o s s .
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F ig #  1 0 .  A k e y  o f  t e l e n c e p h a l i c  s t r u c t u r e s  o f  t h e  

i n t a c t  p i g e o n  b r a i n  when v ie w e d  t r a n s v e r s e l y .  C e l l  g r o u p s  

an d  f i b e r  t r a c t s  a r e  i d e n t i f i e d  b y  t h e  f o l l o w i n g  a b b r e v i a ­

t i o n s !

B a s ,  n u c l e u s  b a s a l i s
CDL, a r e a  c o r t i c o i d e a  d o r e o l a t e r a l i s
E ,  e c t o s t r i a t u m  ( c o r e  r e g i o n )
E p ,  e c t o s t r i a t u m  ( p e r i - e c t o s t r i a t a l  b e l t )
FA, t r a c t u s  f r o n t o - a r c h i s t r i a t a l i s  
HA, h y p e r s t r i a t u m  a c c e s s o r i u m
IHA, n u c l e u s  i n t e r c a l a t u s  h y p e r s t r i a t i  a c c e s s o r i i
HD, h y p e r s t r i a t u m  d o r s a l e
H I S ,  h y p e r s t r i a t u m  i n t e r c a l a t u s  su p re m a
HV, h y p e r s t r i a t u m  v e n t r a l e
LPO, l o b u s  p a r o l f a c t o r i u s
N, n e o s t r i a t u m
P a ,  p a l e o s t r i a t u m  a c c e s s o r i u m
P p ,  p a l e o s t r i a t u m  p r i m i t i v u m
Q f, t r a c t u s  q u i n t o  f r o n t a l i s
TPO, a r e a  t e m p o r o - p a r i e t o - o c c i p i t a l i s
TSM, t r a c t u s  s e p t o m e s e n c e p h a l i c u s
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D-355
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F i g .  1 1 .  A m ic r o p h o to g r a p h  o f  an  a l m o s t  c o m p le te  

" b i l a t e r a l  d e s t r u c t i o n  o f  t h e  e c t o s t r i a t u m .  The l e s i o n  i s  

shown n e a r  t h e  l e v e l  o f  i t s  m ax im a l vo lum e b e tw e e n  s t e r e o ­

t a x i c  l e v e l s  A. 1 0 .5 0  an d  A. 9*50 a c c o r d i n g  t o  t h e  p i g e o n  

a t l a s  ( K a r t e n  & H o d o s ,  1 9 6 7 ) .

( M a g n i f i c a t i o n  10X)



F i g ,  1 2 .  T r a n s v e r s e  p l a n e  r e c o n s t r u c t i o n s  o f  t h e  e x t e n t  o f  r e t r o g r a d e  

d e g e n e r a t i o n  i n  n u c l e u s  r o tu n d u s  f o l l o w i n g  damage t o  e c t o s t r i a t u m .  The 

num ber n e x t  t o  e ach  s e c t i o n  i n d i c a t e s  t h e  p l a t e  i n  t h e  K a r t e n  and  H o d o s ,  1 9 6 ? ,  

a t l a s  f ro m  w hich  t h e  d r a w in g s  w ere  d e r i v e d .
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w hich  i s  c o m p r i s e d  o f  f i b e r s  a s c e n d i n g  f ro m  n u c l e u s  r o t u n d u s  

t o  e c t o s t r i a t u m .  F i b e r  t r a c t  t r a n s e c t i o n s  a r e  made o b v io u s
It

by t h e  K l u v e r - B e r r e r a  m e th o d  w h ich  p e r m i t s  t h e  t r a c i n g  o f  

dam aged and  d e g e n e r a t e d  m y e l i n a t e d  p a th w a y s  d u e  t o  t h e i r  l a c k  

o f  m y e l i n  s t a i n i n g .  E x t e n s i v e  b i l a t e r a l  r e t o r g r a d e  d e g e n e r a ­

t i o n  was a p p a r e n t  i n  n u c l e u s  r o t u n d u s  ( F i g .  1 2 ) .

In pigeon D-273 (Fig. 9) necrosis was found In a moder­
ate portion of the ectostriatum. However, the area of direct 
assault was somewhat unilateral resulting in extensive rotundal 
degeneration on one side only. Rotundal degeneration on the 
opposite side was slight as reflected by a few scattered 
chromatolytic cells (Fig. 12).

P i g e o n  D -4 1 4  ( F i r *  9 ) s u s t a i n e d  a  c o m p a r a t i v e l y  s m a l l  b i ­

l a t e r a l  i n j u r y  o f  t h e  e c t o s t r i a t u m  w i t h  d e s t r u c t i o n  o f  t h e  

a n t e r i o r  e c t o s t r i a t a l  p o l e  on o n e  s i d e  a c c o m p a n ie d  by l i ^ i t  

r o t u n d a l  d e g e n e r a t i o n  on t h e  sam e s i d e .  On t h e  c o n t r a l a t e r a l  

s i d e ,  t h e  K l u v e r - B e r r e r a  m eth o d  o f  s t a i n i n g  r e v e a l e d  a  m in im a l  

i n v a s i o n  o f  t h e  t h a l a m o s t r i a t e  t r a c t  w h e re  i t  t e r m i n a t e s  i n  

e c t o s t r i a t u m .  T h i s  dam age r e s u l t e d  i n  l i g h t  d e g e n e r a t i o n  o f  

t h e  a n t e r i o r  p o l e  o f  r o t u n d u s  on t h a t  s i d e  ( F i g .  1 2 ) .

V i s u a l  W u ls t  L e s i o n s

P ig e o n  D -3 5 8  s u s t a i n e d  m o d e r a t e  t o  e x t e n s i v e  damage o f  

a l l  c o m p o n e n ts  o f  t h e  v i s u a l  w u l s t  ( F i g .  1 3 ) .  T h e  t r a c t  o f  

f i b e r s  a s c e n d i n g  f ro m  t h e  p r i n c i p a l  o p t i c  n u c l e u s  t o  t h e



F i g .  1 3 .  P a r a s a g i t t a l  p l a n e  r e c o n s t r u c t i o n s  o f  b i l a t e r a l  l e s i o n s  

i n  t h e  v i s u a l  w u l s t  (IHA and HD) o n to  b r a i n  c h a r t s  d e r i v e d  f ro m  t h e  

p ig e o n  a t l a s  ( K a r t e n  & H o d o s ,  1 9 6 7 ) .  B la c k  a r e a s  i n d i c a t e  z o n e s  o f  

n e c r o s i s .  S t i p p l e d  a r e a s  i n d i c a t e  r e g i o n s  o f  c e l l  l o s s .
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F i g ,  1 4 ,  A k e y  t o  s t r u c t u r e s  show n i n  s a g i t t a l  s e c t i o n s  

t h r o u g h  t h e  p i g e o n  t e l e n c e p h a l o n .  T h e  n u m b er  n e x t  t o  e a c h  

s e c t i o n  i n d i c a t e s  t h e  p l a t e  i n  t h e  K a r t e n  an d  H o d o s ,  1967» 

a t l a s  f ro m  w h ic h  t h e  d r a w i n g s  w e re  d e r i v e d .  H a t c h i n g s  i n d i ­

c a t e  p r o j e c t i o n  f i e l d s  o f  t h e  OPT c o m p le x  w i t h i n  IHA a n d  HD.

A number of cell groups and fiber bundles are identified by 
abbreviations*

A, a r c h i s t r i a t u m
Ad, archistriatum, pars dorsalis
Av, archistriatum, pars ventralis
APH, area corticoidea dorsolateralis
CA, commissura anterior
CTO, capsula interna occipitalis
CPP, cortex prepyformis
DA, t r a c t u s  a r c h i s t r i a t i s  d o r s a l i s
E ,  e c t o s t r i a t u m
Ft, tractus frontothalamicus et thalamofrontalis 
HA, hyperstriatum accessorium 
HD, hyperstriatum dorsale 
HDv, hyperstriatum dorsale (visual)
H I S ,  h y p e r s t r i a t u m  i n t e r c a l a t u s  s u p re m a
HP, hippocampus
HV, hyperstriatum ventrale
IHA, n u c l e u s  i n t e r c a l a t u s  h y p e r s t r i a t i  a c c e s s o r i i
INP, nucleus intrapeduncularis
LFM, lamina frontalis suprema
LFS, lamina frontalis superior
IH, lamina hyperstriatica
LMD, l a m i n a  m e d u l l a r i s  d o r s a l i s
LPO, lobus parolfactorius
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NC, n e o s t r i a t u m  c a u d a l e  
NF, n e o s t r i a t u m  f r o n t a l e  
N I ,  n e o s t r i a t u m  in t e r m e d iu m  
PA, p a l e o s t r i a t u m  a u g m e n ta tu m  
P P ,  p a l e o s t r i a t u m  p r i m i t i v u m  
QF, t r a c t u s  q u i n t o f r o n t a l i s  
TO, t u b e r c u l u m  o l f a c t o r i u m  
TN, n u c l e u s  t a e n i a e



Fig. 15. A microphotograph of an almost complete bilateral destruction 
o f  the granular visual wulst (IHA and H D ). The lesion is shown at the level 
of its maximal volume between stereotaxic levels L. 2.00 and L. 3.00, 
(Magnification 10X)
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v i s u a l  w u l s t  was t r a n s e c t e d  by t h e  l e s i o n .  O nly  s l i g h t  t o  

m o d e r a te  damage w as a p p a r e n t  i n  a d j o i n i n g  a r e a s  o f  t h e  

v e n t r a l  h y p e r s t r i a t u m .

P ig e o n  D -537  p r e s e n t e d  l e s i o n s  w h ich  w e re  r e s t r i c t e d  

t o  t h e  v i s u a l  w u l s t  p r o p e r  ( F i g .  1 3 ) .  The p h o to m ic r o g r a p h  

( F i g .  15) show s t h a t  m o d e r a t e  t o  e x t e n s i v e  l e s i o n s  w ere  m a n i­

f e s t e d  b i l a t e r a l l y  i n  t h e  l a t e r a l  d i v i s i o n  o f  t h e  d o r s a l  h y p e r ­

s t r i a t u m .  E x t e n s i v e  c e l l  l o s s  w as a p p a r e n t  i n  m o s t  p o r t i o n s  

o f  t h e  n u c l e u s  i n t e r c a l a t u s  h y p e r s t r i a t u m  a c c e s s o r i e s  ( IH A ) .  

F i b e r s  a s c e n d i n g  f ro m  t h e  p r i n c i p a l  o p t i c  n u c l e u s  t o  t h e  

v i s u a l  w u l s t  w e re  c o m p l e t e l y  d e m y l i n a t e d .

P ig e o n  D -520 ( F i g .  1 3 )  s u f f e r e d  e x t e n s i v e  b i l a t e r a l  

l e s i o n s  i n  a l l  c o m p o n e n ts  o f  t h e  v i s u a l  w u l s t .  T he  f i b e r s  

a s c e n d i n g  f ro m  t h e  p r i n c i p a l  o p t i c  n u c l e u s  t o  t h e  v i s u a l  

w u l s t  w e re  t r a n s e c t e d  by t h e  l e s i o n s .  Only s l i g h t  damage 

was a p p a r e n t  i n  t h e  v e n t r a l  h y p e r s t r i a t e  a r e a  t h a t  a d j o i n s  

the v i s u a l  w u l s t  l a m i n a e .

No u n e q u i v o c a l  r e t r o g r a d e  d e g e n e r a t i o n  i n  t h e  OPT was 

o b s e r v e d  i n  any  o f  t h o s e  c a s e s  p r e s e n t i n g  v i s u a l  w u l s t  a s s a u l t .  

T h i s  f i n d i n g  i s  c o n s i s t e n t  w i th  t h o s e  o f  P o w e l l  and  Cowan 

( 1 9 6 1 )  who n o t e d  no r e t r o g r a d e  d e g e n e r a t i o n  o f  OPT e x c e p t  

a f t e r  h e m i s p h e r e c t o m i e s .

C o n t r o l  L e s i o n s

P i g e o n s  D-U64- an d  D -^12  m a n i f e s t e d  l e s i o n s  w h ic h  w e re  

r e s t r i c t e d  t o  t h e  c a u d a l  p o l e  o f  t h e  n e o s t r i a t u m  ( F i g .  1 6 ) .  

P i g e o n  D -464  s u s t a i n e d  a  v e r y  s l i g h t  l e s i o n  w h ich  t r a n s e c t e d



79

t h e  d o r s a l  a r c h i s t r i a t a l  t r a c t  on o n e  s i d e .  P i g e o n  D -^12  

s u f f e r e d  a  m o d e r a t e  s i z e d  l e s i o n  w h ic h  " b i l a t e r a l l y  t r a n s e c t e d  

t h e  d o r s a l  a r c h i s t r i a t a l  t r a c t  ( s e e  P h o t o m i c r o g r a p h ,  F i g .  1 7 } •

M ixed L e s i o n s

P i g e o n  D -4 0 9  ( s e e  P h o t o m i c r o g r a p h ,  F i g .  20) p r e s e n t e d  

a  s m a l l ,  u n i l a t e r a l  i n v a s i o n  o f  e c t o s t r i a t u m  a s  w e l l  a s  

c o n s i d e r a b l e  b i l a t e r a l  dam age t o  t h e  v e n t r a l  h y p e r s t r i a t u m  

and  e x t e n s i v e  dam age t o  b i l a t e r a l  a r e a s  o f  t h e  v i s u a l  w u l s t  

( F i g .  1 8 ) .  M o d e r a te  t o  l i g h t  r o t u n d a l  d e g e n e r a t i o n  was 

f o u n d  i p s i l a t e r a l  t o  t h e  e c t o s t r i a t a l  i n v a s i o n  ( F i g .  1 9 ) .

I n  p i g e o n  D -3 5 7  c o m p a r a b le  dam age was f o u n d  e x c e p t  t h a t  

t h e  u n i l a t e r a l  i n v a s i o n  o f  e c t o s t r i a t u m  was m in im a l  w i th  

l i t t l e  o r  no s i g n s  o f  c h r o m a t o l y t i c  c e l l s  i n  r o t u n d u s  

( F i g .  1 9 ) -  B i l a t e r a l  dam age t o  t h e  v e n t r a l  h y p e r s t r i a t u m  

was a l s o  c o n s i d e r a b l e  i n  t h i s  c a s e  a s  was w u l s t  a b l a t i o n  

w h ic h  w as a l m o s t  t o t a l  ( F i g .  1 8 ) .

C a se  D -405  s u f f e r e d  o n l y  a  s l i g h t ,  u n i l a t e r a l  i n v a s i o n  

o f  v i s u a l  w u l s t  an d  o n l y  s l i g h t  dam age t o  t h e  v e n t r a l  h y p e r -  

s t r i a t u m  ( F i g .  2 1 ) .  H o w e v e r ,  t h e  v i s u a l  w u l s t  was d e a f f e r -  

e n t e d  b i l a t e r a l l y  by  t r a n s e c t i o n  o f  t h e  f r o n t o - t h a l a m i c  t r a c t  

w h ich  c o n t a i n s  f i b e r s  a s c e n d i n g  f ro m  OPT t o  t h e  v i s u a l  w u l s t .  

D -405 a l s o  s u s t a i n e d  s l i g h t  damage t o  t h o s e  p o r t i o n s  o f  t h e



F i g .  1 6 .  R e c o n s t r u c t i o n s  o f  b i l a t e r a l  c o n t r o l  l e s i o n s  t h r o u g h  

t h e  c a u d a l  n e o s t r i a t u m  (NC, s e e  s a g i t t a l  key  i n  F i g .  1 * 0 .  Numbers 

b e lo w  s e c t i o n s  i n d i c a t e  t h e  B t e r e o t a x i c  l e v e l  ( K a r t e n  & H o d o s ,  1 9 6 ?)  

a t  w h ich  t h e  l e s i o n  was m ade . B la c k  a r e a s  i n d i c a t e  z o n e s  o f  n e c r o s i s .
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F i g .  1 7 .  A m ic ro p h o to g r a p h  o f  a  m o d e ra te  s i z e  l e s i o n  i n  t h e  c a u d a l  

n e o s t r i a t u m .  The l e s i o n  i s  shown a t  i t s  m axim al volum e b e tw een  s t e r e o t a x i c  

l e v e l s  L .  3*0 and  L .^ .O  a c c o r d i n g  t o  t h e  p ig e o n  a t l a s  ( K a r t e n  & H o d o s ,  1967 ) .
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F i g .  1 8 .  R e c o n s t r u c t i o n  o f  l e s i o n s  t h r o u g h  t h e  v i s u a l  

w u l s t  (HD a n d  IHA)» v e n t r a l  h y p e r s t r i a t u m  (H V ) , an d  e e t o -  

s t r i a t u m  ( E ) .  S e e  s a g i t t a l  k e y  ( F i g .  1 4 )  f o r  l o c u s  o f  

s t r u c t u r a l  d a m a g e .  B la c k  a r e a s  i n d i c a t e  z o n e s  o f  n e c r o s i s .  

S e c t i o n  n u m b e rs  i n d i c a t e  s t e r e o t a x i c  l e v e l s  ( K a r t e n  & H o d o s ,  

1 9 6 7 )  w h e re  l e s i o n s  w ere  m ad e .
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F ig *  19* A s a g i t t a l  p l a n e  r e c o n s t r u c t i o n  o f  t h e  

e x t e n t  o f  r e t r o g r a d e  d e g e n e r a t i o n  i n  n u c l e u s  r o t u n d u s  f o l l o w ­

i n g  u n i l a t e r a l  damage t o  t h e  e c t o s t r i a t u m  (E) a n d  b i l a t e r a l  

dam age t o  t h e  v e n t r a l  h y p e r s t r i a t u m  (HV) and t h e  v i s u a l  

w u l s t  (HD a n d  IH A )•



F i g .  2 0 .  A m ic r o p h o to g r a p h  i l l u s t r a t i n g  one  t y p e  o f  m ixed  l e s i o n  

c a s e .  B etw een  s t e r e o t a x i c  l e v e l s  L .  1 . 0  and L , 4 .0  damage t o  t h e  v i s u a l  

w u l s t  was c o m p le te .  H o w ev er ,  a t  m ors  l a t e r a l  l e v e l s  ( L .  4 .0  -  L . 6 . 0 )  

t h e  l e s i o n  in v a d e d  t h e  v e n t r a l  h y p e r s t r i a t u m  (HV) and t h e  e c t o s t r i a t u m  ( E ) .  

( M a g n i f i c a t i o n  10X)





F i g ,  2 1 .  R e c o n s t r u c t i o n s  o f  l e s i o n s  t h r o u g h  t h e  v e n t r a l  h y p e r s t r i a t u m  

(HV) t h a t  d e a f f e r e n t e d  t h e  v i s u a l  w u l s t  (HD and  IH A ). B la c k  a r e a s  i n d i c a t e  

z o n e s  o f  n e c r o s i s .  S e c t i o n  num bers  i n d i c a t e  s t e r e o t a x i c  l e v e l s  ( K a r t e n  & 

H o d o s ,  1967) a t  w h ich  l e s i o n s  w ere  m ade.
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n e o s t r i a t u m  w h ich  b o r d e r  p a l e o s t r i a t u m  and n u c l e u s  b a s a l i s .

C a s e  D -538  s u s t a i n e d  a  v e r y  s l i g h t  b i l a t e r a l  l e s i o n  i n  

t h e  v e n t r a l  h y p e r s t r i a t u m  a n d  a  m in im a l  i n f r i n g e m e n t  on  t h e  

a d j o i n i n g  f r o n t a l  and i n t e r m e d i a t e  p o r t i o n s  o f  t h e  n e o s t r i a t u m  

( F i g .  2 1 ) .  H o w e v e r ,  t h e  l e s i o n  s u c c e e d e d  i n  b i l a t e r a l l y  

t r a n s e c t i n g  t h e  f r o n t o - t h a l a m i c  t r a c t  t h e r e b y  d e a f f e r e n t i n g  

t h e  v i s u a l  w u l s t  l a m i n a e .

P o s t o p e r a t i v e  B e h a v i o r a l  R e s u l t s

I m m e d i a t e l y  a f t e r  p o s t o p e r a t i v e  r e c o v e r y ,  p i g e o n s  D -357  

and D-*K)9 show ed s i g n s  o f  s e n s o r y  d e f e c t s  by " m i s r e a c h i n g "  

f o r  f o o d  and w a t e r  c o n t a i n e r s  i n  t h e  home c a g e .  H o w ev er ,  

t h e s e  sym ptom s q u i c k l y  a b a t e d  and  d i s a p p e a r e d  e n t i r e l y  a f t e r  

tw o w e e k s .  T h e r e  w e re  no  p o s t o p e r a t i v e  i n d i c a t i o n s  o f  p o s t ­

u r a l ,  m o t o r ,  f e e d i n g ,  o r  s e n s o r y  d e f e c t s  i n  an y  o f  t h e  o t h e r  

b i r d s .

P a t t e r n  D i s c r i m i n a t i o n  R e t e n t i o n

T a b l e  3 l i s t s  t h e  n u m b er  o f  p r e o p e r a t i v e  a n d  p o s t o p e r a ­

t i v e  d i s c r i m i n a t i o n  t r a i n i n g  t r i a l s  e a c h  b i r d  r e q u i r e d  t o  

r e a c h  a  c r i t e r i o n  o f  90?S c o r r e c t  i n  t h e  0% n o i s e  c o n d i t i o n .

The s a v i n g s  s c o r e  e a c h  b i r d  o b t a i n e d  i s  a l s o  i n d i c a t e d .

N orm al C o n t r o l  R e s u l t s

D - 4 1 0 ,  w h ic h  s e r v e d  a s  an  u n o p e r a t e d  c o n t r o l ,  was 

a l l o w e d  t o  r e s t  f o r  a  p e r i o d  o f  3 w e e k s  a f t e r  a  s t a b l e  n o i s e
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T a b le  3- PREOPERATIVE AND POSTOPERATIVE NUMBER OF DISCRIMINATION 

TRAINING TRIALS REQUIRED TO REACT FIEST ASSESSMENT

P ig eo n

P r e o p e r a t iv e  
# T r a in in g  
T r ia lB  *

P o s to p e r a t iv e  
# T r a in in g  
T r i a l s

1

L e s io n

P e r c e n t  
S av in g s  
o r  L oss

D-355 1008 H*27
ECT OSTRIATUM

-1*1

D-l*08 2016 11*16 ' +30

D-273 1625 1008 +38

d- i*iu 1008 0 +100

D-358 672 1316
VISUAL WULST

-9 6

D-520 268B 336 +88

D-537 1919 0 +100

0-1*64 1586 0
CAUDAL

NEOSTRIATUM +100

D-M.2 1032 0 +100

D-357 672 1680
MIXED

LESIONS -1 0 5

D-409 1*14 1008 - 101*

D-405 2688 336 +88

D-538 2185 0 +100

D-410 1407 0
normal
CONTROL +100
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i n t e r f e r e n c e  i n d e x  was o b t a i n e d .  Upon r e s u m p t i o n  o f  t e s t i n g ,  

D-UHf d i s p l a y e d  p e r f e c t  r e t e n t i o n  o f  t h e  n o - n o i s e  p a t t e r n  

d i s c r i m i n a t i o n .

E c t o s t r i a t u m  L e s i o n  R e s u l t s

The t o t a l  n u m b er  o f  i n i t i a l  p o s t o p e r a t i v e  d i s c r i m i n a t i o n  

and  i n t e r v e n i n g  t r a i n i n g  t r i a l s  r e s u l t i n g  f ro m  t h i s  g ro u p *  s 

f a i l u r e  t o  r e a c h  c r i t e r i o n  an d  m a i n t a i n  t h e  d i s c r i m i n a t i o n  

am o u n ted  t o  1 1 , 2 ^ 3  t r i a l s ,  6 , 8 0 3  o f  w h ic h  D -3 5 5  r e q u i r e d .  

P i g e o n s  D -273 a n d  D -408 b o t h  s u s t a i n e d  m o d e r a t e  dam age o f  

e c t o s t r i a t u m  a n d  f a i l e d  t o  r e t a i n  t h e  d i s c r i m i n a t i o n .  T h u s ,  

i n  t h e  n o - n o i s e  c o n d i t i o n ,  p i g e o n  D -3 5 5  w i t h  t h e  l a r g e s t  and  

m o s t  c o m p le te  d e s t r u c t i o n  o f  e c t o s t r i a t u m  e x h i b i t e d  t h e  m o s t  

s e v e r e  im p a i r m e n t  i n  r e l e a r n i n g  an d  m a i n t a i n i n g  t h e  p a t t e r n  

d i s c r i m i n a t i o n ,  w h i l e  p i g e o n  D -414  w i t h  a  m in im a l  l e s i o n  o f  

t h e  e c t o s t r i a t u m  d e m o n s t r a t e d  p e r f e c t  r e t e n t i o n  and  good  

m a in t e n a n c e  o f  t h e  p a t t e r n  d i s c r i m i n a t i o n .

V i s u a l  W u ls t  L e s i o n  R e s u l t s

P ig e o n  D -5 3 7  w i t h  a  l e s i o n  r e s t r i c t e d  t o  t h e  v i s u a l  w u l s t  

e x h i b i t e d  p e r f e c t  r e t e n t i o n  i n  t h e  n o - n o i s e  d i s c r i m i n a t i o n .

P ig e o n  D -520  w h ich  s u s t a i n e d  e x t e n s i v e  damage t o  t h e  

v i s u a l  w u l s t  and  m in im a l  dam age t o  a d j o i n i n g  a r e a s  o f  t h e  

v e n t r a l  h y p e r s t r i a t u m  r e q u i r e d  o n l y  1  s e s s i o n  o f  d i s c r i m i n a ­

t i o n  r e t r a i n i n g ,  d e m o n s t r a t i n g  a  s a v i n g s  o f  8855.
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P ig e o n  D -358  w h ich  p r e s e n t e d  e x t e n s i v e  dam age t o  t h e  

v i s u a l  w u l s t  a n d  s l i g h t  damage t o  u n d e r l y i n g  a r e a s  o f  t h e  

v e n t r a l  h y p e r s t r i a t u m  r e q u i r e d  4  s e s s i o n s  o f  d i s c r i m i n a t i o n  

r e t r a i n i n g  w i t h  no  s a v i n g s  i n  r e t e n t i o n .

C o n t r o l  L e s i o n  R e s u l t s

B o th  p i g e o n s  D -412  an d  D -464  w i t h  s l i g h t  t o  m o d e r a te  

l e s i o n s  o f  c a u d a l  n e o s t r i a t u m  e x h i b i t e d  p e r f e c t  r e t e n t i o n  i n  

t h e  n o - n o i s e  d i s c r i m i n a t i o n .

M ixed  L e s i o n  R e s u l t s

P i g e o n s  D -357  and  D -409  b o th  d i s p l a y e d  t h e  l a r g e s t  s i z e  

l e s i o n s  ( s e e  T a b le  2 ) .  B o th  b i r d s  a l s o  u n d e rw e n t  p r o t r a c t e d  

d i s c r i m i n a t i o n  r e t r a i n i n g  due t o  t h e i r  i n a b i l i t y  t o  p a s s  

a s s e s s m e n t  ( s e e  T a b l e  3) an d  m a i n t a i n  t h e  n o - n o i s e  d i s c r i m i n a ­

t i o n  o n c e  t h e  a s s e s s m e n t  c r i t e r i o n  w as m e t .  T h u s ,  t h e  num ber 

o f  p o s t o p e r a t i v e  d i s c r i m i n a t i o n  t r a i n i n g  t r i a l s  g r e a t l y  

e x c e e d e d  t h e  n u m b er  g i v e n  p r e o p e r a t i v e l y . D -3 5 7  r e q u i r e d

a l m o s t  3 t i m e s  a s  many p o s t o p e r a t i v e  t r i a l s  t o  r e a c h  c r i t e r i o n  

and  t o  p a s s  a s s e s s m e n t .

P i g e o n  D -4 0 5  w h ich  s u f f e r e d  a  d e a f f e r e n t a t i o n  o f  t h e  

v i s u a l  w u l s t  b u t  o n ly  s l i g h t  dam age t o  t h e  v e n t r a l  h y p e r s t r i ­

a tu m  an d  v i s u a l  w u l s t  p r o p e r  r e q u i r e d  o n ly  1 s e s s i o n  o f  d i s ­

c r i m i n a t i o n  r e t r a i n i n g  d e m o n s t r a t i n g  a  s a v i n g s  o f  8 8 $ .

P i g e o n  D -538 w h ich  a l s o  s u f f e r e d  v i s u a l  w u l s t  d e a f f e r e n -
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t a t i o n  v i a  a  s l i g h t  l e s i o n  i n  v e n t r a l  h y p e r s t r i a t u m  demon­

s t r a t e d  a  p e r f e c t  r e t e n t i o n  o f  t h e  n o - n o i s e  p a t t e r n  d i s c r i m i ­

n a t i o n .

T h r e e  c a s e s  ( D - 3 5 7 .  D -3 5 8  a n d  D -4 0 9 )  w h ic h  p r e s e n t e d  

c o m b i n a t i o n s  o f  e c t o s t r i a t u m ,  v i s u a l  w u l s t  an d  v e n t r a l  h y p e r -  

s t r i a t u m  l e s i o n s  w e r e  e q u a l l y  d e f i c i e n t  o r  m ore  d e f i c i e n t  i n  

r e t e n t i o n  t h a n  t h o s e  c a s e s  s u s t a i n i n g  dam age t o  e c t o s t r i a t u m  

p r o p e r .  T he l e s i o n  v o lu m e  f o r  t h e  c o m b in e d  l e s i o n  c a s e s  was 

e q u a l  t o  o r  g r e a t e r  t h a n  t h a t  o f  t h e  e c t o s t r i a t u m  c a s e s .

I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e  r e t e n t i o n  d e f i c i t s  

w e re  a  f u n c t i o n  o f  l e s i o n  v o lu m e  o r  l e s i o n  l o c u s ,  a  s e r i e s  o f  

P e a r s o n  p r o d u c t - m o m e n t  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  w e re  c a l ­

c u l a t e d  b e tw e e n  t h e  ( x )  v a r i a b l e s  ( t o t a l  l e s i o n  v o lu m e ,  l e s i o n  

v o lu m e  a t  e a c h  l o c u s )  an d  t h e  ( y )  v a r i a b l e  ( s a v i n g s  s c o r e  i n  

r e t e n t i o n ) • T h e  P e a r s o n  p r o d u c t - m o m e n t  c o r r e l a t i o n  c o e f f i ­

c i e n t s  f o r  n  = 1 4  b e tw e e n  t h e  s a v i n g s  s c o r e s  o f  d i s c r i m i n a t i o n  

r e t e n t i o n  t r i a l s  an d  t h e  l e s i o n  l o c i  w e re  n o t  s i g n i f i c a n t  

( r  = - . 5 2 ,  p  < . 1 0  f o r  e c t o s t r i a t u m  damage* r  = - . 5 4 ,  P <C.10 

f o r  v e n t r a l  h y p e r s t r i a t e  d a m a g e ,  r  = - . 3 7 .  p < . 2 0  f o r  v i s u a l  

w u l s t  d a m a g e ) .  H o w e v e r ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  b e tw e e n  

t h e  t o t a l  l e s i o n  v o lu m e  a n d  s a v i n g s  s c o r e s  w as s i g n i f i c a n t  

( r  = - . 6 4 ,  p < . 0 5 ) . T he  c o r r e l a t i o n  c o e f f i c i e n t  b e tw e e n  t h e  

p e r c e n t a g e  o f  e c t o s t r i a t u m  dam age and  t o t a l  l e s i o n  v o lu m e  was 

m in im a l  ( r  = - . 0 7 ) .  W h e re a s ,  t h e  e x t e n t  o f  dam age t o  b o t h  t h e  

v e n t r a l  h y p e r s t r i a t u r a  an d  t h e  v i s u a l  w u l s t  w as  h i g h l y  c o r r e l a -
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t e d  w i t h  t o t a l  l e s i o n  v o lum e ( r  »  .9 ^»  p < . 0 0 1  f o r  HVi 

r  * ,7 3 *  p < . 0 1  f o r  v i s u a l  w u l s t ) . B e c a u s e  t h e r e  was a  

s u b s t a n t i a l  c o v a r i a n c e  among t o t a l  l e s i o n  v o lu m e ,  t o t a l  

damage t o  v i s u a l  w u l s t ,  an d  t o t a l  damage t o  v e n t r a l  h y p e r ­

s t r i a t u m ,  a  p a r t i a l  c o r r e l a t i o n .  (H a y e s ,  1 9 6 3 )  w as c a l c u l a t e d  

i n  o r d e r  t o  d e t e r m i n e  t h e  r e l a t i v e  c o n t r i b u t i o n  o f  t h e  s p e c i ­

f i c  l o c u s  o f  l e s i o n s  t o  t h e  d e f i c i t s  i n  r e t e n t i o n .  T he c o ­

e f f i c i e n t  o f  p a r t i a l  c o r r e l a t i o n  r  i n d i c a t e s  t h e  d e g r e exy* z
o f  s t a t i s t i c a l  r e l a t i o n  b e tw e e n  t h e  o b s e r v e d  b e h a v i o r a l  

d e f i c i t  ( y )  and  t h e  am ount o f  d e s t r u c t i o n  o f  one co m p o n e n t  o f  

t h e  v i s u a l  s y s t e m  when t h e  e f f e c t s  due t o  a n o t h e r  c o m p o n e n t  

( z )  a r e  h e l d  c o n s t a n t .  The p a r t i a l  c o r r e l a t i o n  b e tw e e n  t h e  

vo lum e o f  damage i n  e c t o s t r i a t u m  and  t h e  r e t e n t i o n  s a v i n g s  

s c o r e s  h o l d i n g  t o t a l  l e s i o n  v o lu m e  c o n s t a n t  was s i g n i f i c a n t  

( r  = - . 7 6 ,  p < . 0 0 1 ) .  The p a r t i a l  c o r r e l a t i o n  b e tw e e n  v e n t r a l  

h y p e r s t r i a t u m  damage an d  s a v i n g s  an d  t h a t  b e tw e e n  v i s u a l  w u l s t  

and  s a v i n g s  s c o r e s  w e re  v e r y  lo w  and  n o t  s i g n i f i c a n t  ( r  = .2 3  

f o r  v e n t r a l  h y p e r s t r i a t u m i  r  = . 1 9  f o r  v i s u a l  w u l s t ) .

N o ise -E m b e d d e d  P a t t e r n  D i s c r i m i n a t i o n

The s i x  c u r v e s  t h a t  h a d  b e e n  f i t t e d  t o  t h e  p r e o p e r a t i v e  

n o i s e  i n t e r f e r e n c e  i n d e x  f u n c t i o n s  i n  E x p e r im e n t  I  w e re  a l s o  

f i t t e d  t o  t h e  p o s t o p e r a t i v e  i n d e x  f u n c t i o n s .  F i g u r e s  2 2 -2 5  

p r e s e n t  g r a p h i c  c o m p a r i s o n s  o f  t h e  b e s t  f i t t i n g  p o s t o p e r a t i v e  

f u n c t i o n s  w i t h  t h e  l a s t  5 p r e o p e r a t i v e  s e s s i o n s  o f  s t a b l e  p e r -



F i g ,  22# L i n e s  o f  b e s t  f i t  f o r  t h e  n o i s e  i n t e r f e r e n c e  f u n c t i o n  f o r  

each  p ig e o n  s u s t a i n i n g  b i l a t e r a l  l e s i o n s  o f  t h e  e c t o s t r i a t u m .  S c a t t e r  

d ia g ra m s  o f  t h e  a c t u a l  d a t a  p o i n t s  o f  e a c h  b i r d  a r e  s u p e r im p o s e d  on t h e  

l i n e  o f  b e s t  f i t  f o r  t h a t b i r d .  Only t h e  l a s t  f i v e  p r e o p e r a t i v e  s e s s i o n s  a r e  

show n. The b a r s  p l a c e d  b e tw e e n  t h e  p r e -  and p o s t o p e r a t i v e  f u n c t i o n s  r e p r e ­

s e n t  t h e  c o n f i d e n c e  i n t e r v a l  o b t a i n e d  f o r  t h e  mean p r e o p e r a t i v e  s t a b i l i t y  

p e r f o r m a n c e .  The b a r s  s u p e r im p o s e d  on t h e  p o s t o p e r a t i v e  f u n c t i o n  r e p r e s e n t  

t h e  c o n f i d e n c e  i n t e r v a l  o b t a i n e d  d u r i n g  t h e  f i r s t  f i v e  d ay s  o f  p o s t o p e r a t i v e  

t e s t i n g .
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f o r m a n c e .  T he  n o i s e  i n t e r f e r e n c e  i n d e x  i s  p l o t t e d  a s  a  

f u n c t i o n  o f  s u c c e s s i v e  s e s s i o n s ,

F e a r s o n - P r o d u c t  moment c o r r e l a t i o n s  w ere  a g a i n  u s e d  t o  

e v a l u a t e  t h e  g o o d n e s s  o f  f i t  "between t h e  o b s e r v e d  v a l u e s  and  

t h e  e x p e c t e d  f r e q u e n c i e s  p r e d i c t e d  by t h e  l e a s t - s q u a r e s  f i t  

( s e e  T a b l e  4 ) ,  T he  b a r s  p l a c e d  b e tw e e n  t h e  p r e -  an d  p o s t ­

o p e r a t i v e  f u n c t i o n s  r e p r e s e n t  t h e  c o n f i d e n c e  i n t e r v a l s  o b t a i n e d  

f o r  t h e  mean i n t e r f e r e n c e  i n d e x  o b t a i n e d  d u r i n g  t h e  f i r s t  f i v e  

d a y s  o f  p o s t o p e r a t i v e  t e s t i n g ,

A S t u d e n t ’ s  t - T e s t  f o r  r e p e a t e d  m e a s u r e s  ( W in e r ,  1 9 6 2 )  

was u s e d  t o  a s s e s s  t h e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  o b t a i n e d  

b e tw e e n  t h e  m eans  o f  t h e  s t a b l e  p r e o p e r a t i v e  i n d e x e s  an d  t h e  

i n i t i a l  5 p o s t o p e r a t i v e  i n d e x e s  ( s e e  T a b le  5 ) .

N orm al C o n t r o l  R e s u l t s

D -4 1 0 ,  t h e  u n o p e r a t e d  c o n t r o l ,  m e t  i t s  p r e o p e r a t i v e  

r a n g e  o f  s t a b l e  i n d e x e s  w i t h i n  5 s e s s i o n s  a f t e r  a  r e s t  p e r i o d  

o f  3 w e e k s .

E c t o s t r i a t u m  L e s i o n  R e s u l t s

The t o t a l  n u m b er  o f  p o s t o p e r a t i v e  t e s t  s e s s i o n s  r a n g e d  

f ro m  21 t o  39 w i t h  a  mean o f  31»8« E x c e p t  f o r  p i g e o n  D -273  

who w as a b l e  t o  m e e t  i t s  p r e o p e r a t i v e  s t a b i l i t y  c r i t e r i o n ,  

t h e  r e m a i n i n g  3 b i r d s  w e re  t e s t e d  a t  l e a s t  u n t i l  t h e y  h a d  

p e r f o r m e d  t h e  minimum n u m b er  o f  s e s s i o n s  g i v e n  t o  m e e t  p r e -
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T a b le  4 .  PREOPERATIVE AND POSTOPERATIVE CURVES OP BEST FIT  FOR 

NOISE INTERFERENCE FUNCTIONS

P r e o p e r a t iv e P o s to p e r a t iv e
C urve  o f Curve o f

P ig e o n B e s t  F i t r L e s io n B e s t P i t r

D -355 Y m 2 3 .7 3  + 4 8 4 .2 7 /X .8 7 ECTO­ Y a 9 2 .2 8  - • 21X .4 3
STRIATUM

D -uoe Y * 1 2 9 .5 1  -  2.37X • 90 Y a 8 8 .9 2  -

XH■ .4 6

D-273 Y a 3 9 .6 2  + 1 1 9 9 .03/X .8 7 Y a 1 0 8 .6 8  •■ 2.32X .8 2

D-414 Y 0 5 2 .6 1  + 1 1 9 .0 8 /X .4 7 Y a 7 6 .6 1  - • 27X .2 4

D-357 Y a l / (  .0 0 2  + . 002X) .9 5 MIXED Y X /(- .Q 3 1  + .015X) .1 8

D-409 Y = 1 0 8 . 60( **0l*x) .78
LESIONS

Y a 9 2 .4 0  - 1.67X .8 1

D-538 Y 0 1 2 7 .81* -  2.79X .9 3 Y a 1 /C .0 1 5 + .001X) • 55

D -405 Y a - 2 .5 6  + 9 0 2 .3 8 /X .9 0 . Y 3 l / ( .0 0 7 + .001X) .8 1

D-520 Y 0 2 3 .4 0  + 1 0 8 6 .37/X .8 ? VISUAL Y a 1 4 .9 0  + 596/X .7 6
WULST

D-358 Y s 2 3 .5 5  + 1 0 8 6 .33/X .8 5 Y a 1 4 .8 5  + 595.97/X .7 4

D-537 Y a 3 5 .8 9  + ^2 2 .6 3 /X .6 9 Y a 5 4 .4 2  - 7 .12 /X .6 6

D -464 Y — **0.92 + 2 9 8 .5 1 /X .81* CAUDAL Y a 53 .60  + 6 .3 0 /X .4 ?
NEO­

D-412 Y s 1 0 7 .9 2  -  2.01X .9 1 STRIATUM Y a 4 4 .6 2  - • 58X .2 1

D-410 Y =* 3 2 .2 8  + 5 4 6 .0 5 /X  .7 ?  NORMAL Y = 4 7 .7 4  + 1 5 .4 3 /X  *52
CONTROL



T a b l e  5 .  PREOPERATIVE AND POSTOPERATIVE COMPARISON OF NOISE INTERFERENCE INDEX VALUES

P igeon
P r e o p e r a t iv e
F in a l

P o a to p B ra tiv e
I n i t i a l

I n i t i a l
D if fe re n c e

P o s to p e r a t iv e
F in a l

F in a l
D if f e r e n c e

ECTOSTRIATUM
D-355 3 9 .3 9 8 .0 6 8 8 .0 6 5 .90 6 8 .6 5 8 6 .6 0 6 .6 ? 6 7 .2 1
D-6D8 3 8 .5 0 6.U6 8 1 ,6 3 1 3 .5 5 6 3 .1 3 7 6 .1 3 8 .8 9 3 7 .6 3
D-273 5 7 .3 3 5 .1 8 8 6 .5 1 5 .5 8 29 .18 5 6 .7 6 5 .6 6 * - 2 .5 9
D-616 56.50 7 .8 9 7 1 .8 8 1 3 .7 9 1 7 .3 8 6 6 .6 1 7 .9 3 1 1 .9 1

t  = 9 .71** t  -  2 .0 5  (NS)

VISUAL WULST
D-35B *♦3.33 3 .7 6 6 1 .2 9 1 6 .8 8 1 7 .9 6 6 2 .9 5 7 .8 7 - .3 8
D-537 53.86 2 .6 0 51 .17 3 .6 6 - 2 .6 7 51 .17 3 .6 ? - 2 .6 7
D-520 39 .92 5 .0 2 57 .20 3 .7 1 1 7 .2 8 39 .80 3 .3 1 - .1 2

t  *> 1 .6 0  (NS) t  * 1 .3 1  (NS)

MIXED LESIONS
D-609 38.20 5 .5 0 86 .1 0 1 2 .1 2 6 7 .9 0 6 2 .7 5 1 2 .2 5 6 .5 5
D-357 36 .79 3 .2 0 73 .2 9 9 .6 0 36 .51 8 0 .3 5 1 1 .5 6 6 3 .5 6
D-538 6 7 .2 5 7 .3 6 57 .75 6 .2 2 10 .50 56 .50 8 .5 6 7 .2 5
D-605 6 3 .1 5 6 .0 0 5 8 .9 6 8 .9 0 1 5 .7 9 3 9 .3 9 5 .7 1 - 3 .7 6

t  » 3 .156* t  = 1 .2 3  (NS)

CAUDAL NEOSTRIATUM
D-666 51 .06 5 .8 9 55.61 6 .1 7 6 .3 7 55 .0 8 3 .5 6 6 .0 6
D-612 5 2 .7 9 5 .7 9 6 1 .8 6 7 .8 9 -1 0 .9 5 39 .38 3 .6 6 -1 3 .6 1

t  = .6 7  (NS> t  * .5 6  (NS)

** S ig n i f i c a n t  a t  .0 1  l e v e l  o f  c o n f id e n c e  
* S ig n i f i c a n t  a t  *05 l e v e l  o f  c o n f id e n c e  

(NS) Not S i g n i f i c a n t
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o p e r a t i v e  i n d e x  s t a b i l i t y .

T h e  t o t a l  n u m b er  o f  p o s t o p e r a t i v e  p s y c h o p h y s i c a l  t e s t  

t r i a l s  r a n g e d  f ro m  3,^56 t o  9»50*K B oth  D-408 an d  D-4H* 
p e r f o r m e d  m ore  p s y c h o p h y s i c a l  t r i a l s  p o s t o p e r a t i v e l y  t h a n  

p r e o p e r a t i v e l y  (1,728 and  2,016 r e s p e c t i v e l y ) .  A l th o u g h  

D-355 w as g i v e n  m ore  p o s t o p e r a t i v e  t h a n  p r e o p e r a t i v e  s e s s i o n s ,  

D-355 p e r f o r m e d  f e w e r  p s y c h o p h y s i c a l  t e s t  t r i a l s  b e c a u s e  o f  

n u m e ro u s  i n t e r v e n i n g  t r a i n i n g  t r i a l s  r e s u l t i n g  f ro m  i t s  f a i l ­

u r e  t o  p a s s  a s s e s s m e n t .  H o w e v e r ,  D-355 w as n o t  t e s t e d  b ey o n d  

3^ s e s s i o n s  s i n c e  t h e  p s y c h o p h y s i c a l  t e s t  p e r f o r m a n c e  g i v e n  

i n  s e s s i o n  9 by  D-355 was a l m o s t  t h e  same a s  t h a t  r e n d e r e d  i n  

s e s s i o n  3̂ » D-273 r e q u i r e d  c o n s i d e r a b l y  l e s s  p o s t o p e r a t i v e

p s y c h o p h y s i c a l  t r i a l s  t o  m e e t  p r e o p e r a t i v e  s t a b i l i t y  l e v e l s .  

T h u s ,  t h o s e  p i g e o n s  w i t h  e i t h e r  l a r g e  o r  s m a l l  b i l a t e r a l  

l e s i o n s ,  a s  v e r i f i e d  by e x t e n s i v e  o r  s l i g h t  b i l a t e r a l  r o t u n d a l  

d e g e n e r a t i o n ,  f a i l e d  t o  m e e t  t h e i r  p r e o p e r a t i v e  s t a b i l i t y  

c r i t e r i o n .  W h e re a s ,  D-273 w i t h  m o d e r a t e  b u t  e s s e n t i a l l y  u n i ­

l a t e r a l  l e s i o n ,  a s  e v i d e n c e d  by e x t e n s i v e  r o t u n d a l  d e g e n e r a ­

t i o n  on  o n e  s i d e  an d  s l i g h t  d e g e n e r a t i o n  on  t h e  o t h e r ,  w as a b l e  

t o  m e e t  i t s  p r e o p e r a t i v e  c r i t e r i o n  w i th  a  s a v i n g s  o f  50^* As 

shown i n  F i g u r e  22, t h e r e  i s  no o v e r l a p  i n  t h e  f i n a l  p r e o p e r a ­

t i v e  a n d  t h e  i n i t i a l  p o s t o p e r a t i v e  c o n f i d e n c e  i n t e r v a l s  e x c e p t  

i n  c a s e  D-&14 w h ic h  d i s p l a y e d  a  m in im a l  l e s i o n  i n  e c t o s t r i a t u m .  

The f i n a l  p o s t o p e r a t i v e  i n d e x e s  o b t a i n e d  f o r  t h e  o t h e r  3 b i r d s  

w ere  c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  o b t a i n e d  p r e o p e r a t i v e l y .
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For example, Figure 22 shows that D-355 stabilized preopera­
tively at a mean interference index of 39.0 but after suffer­
ing an almost complete bilateral ectostriate lesion, D-355 
exhibited a severe deficit, and finished postoperative testing 
with a  comparatively high interference index (X - 86.6), The 
lowest index obtained was 81.9. Thus, D-355 could not perform 
the discrimination with more than 7-18# noise in the background 
despite extended retraining. The differences in discrimination 
performance found between the last 5 preoperative days and 
the first 5 postoperative days proved significant at the .01 
level of confidence. Moreover, with the exception of D-273* 
the remaining postoperative performance was confined within 
the confidence intervals obtained for the first 5 sessions 
of postoperative performance. Thus, unlike the results of 
Experiment I, practice does not appear to facilitate visual 
noise tolerance in those cases which have moderate to exten­
sive lesions in ectostriatum. More importantly, extensive 
damage of the ectostriatum appears to substantially reduce 
the visual channel capacity for pattern-noise input. This 
finding is made obvious by the flat functions obtained for 
birds sustaining moderate to extensive damage of ectostriatum.

Visual Wulst Lesion Results
Pigeons D -358  and D -520 both sustained extensive injury 

of visual wulst and slight damage of ventral hyperstriatum
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an d  b o t h  d e m o n s t r a t e d  a  s i m i l a r  p e r f o r m a n c e  o f  t h e  n o i s e -  

em bedded  p a t t e r n  d i s c r i m i n a t i o n  ( s e e  F i g .  2 3 )*  T h a t  i s ,  

b o t h  D -3 5 8  a n d  D -5 2 0  r e q u i r e d  p o s t o p e r a t i v e  p r a c t i c e  t o  

r e a c h  p r e o p e r a t i v e  e f f i c i e n c y  i n  d i s c r i m i n a t i n g  t h e  n o i s e -  

em bedded  p a t t e r n s *  b u t  b o t h  w e re  a b l e  t o  r e g a i n  t h e i r  p r e ­

o p e r a t i v e  n o i s e  i n t e r f e r e n c e  i n d e x e s  w i t h  n e a r l y  t h e  same 

am o u n t  o f  p r a c t i c e  ( 1 6  s e s s i o n s  f o r  D -3 5 8  a n d  1 5  s e s s i o n s  

f o r  D - 5 2 0 ) .

P i g e o n  D -5 3 7  w i t h  a  m o d e r a t e  t o  e x t e n s i v e  l e s i o n  o f  t h e  

v i s u a l  w u l s t  e x h i b i t e d  p e r f e c t  r e t e n t i o n  o f  t h e  n o i s e - e m b e d d e d  

d i s c r i m i n a t i o n .  T h a t  i s ,  D -537  m e t  i t s  s t a b l e  p r e o p e r a t i v e  

i n d e x  v a l u e s  w i t h i n  5 p o s t o p e r a t i v e  s e s s i o n s  ( F i g .  2 3 ) .  O v e r ­

a l l ,  t h e  p r e -  a n d  p o s t o p e r a t i v e  i n d e x  d i f f e r e n c e s  w e re  c o n ­

s i d e r a b l y  s m a l l e r  t h a n  t h o s e  o b t a i n e d  by  t h e  e c t o s t r i a t u m  

g r o u p  an d  w e re  n o t  f o u n d  t o  be  s i g n i f i c a n t  i n  a  t - T e s t  ( s e e  

T a b l e  5 ) •  M o r e o v e r ,  b i r d s  s u f f e r i n g  e x t e n s i v e  v i s u a l  w u l s t  

dam age a r e  a b l e  t o  im p ro v e  t h e i r  t o l e r a n c e  f o r  v i s u a l  n o i s e  

w i t h  p r a c t i c e  a n d  q u i c k l y  r e a c h  t h e i r  p r e o p e r a t i v e  c h a n n e l  

c a p a c i t y  f o r  p a t t e r n - n o i s e  i n p u t  ( c o m p a re  F i g s .  8 & 2 3 ) •

M ixed  L e s i o n  R e s u l t s

P i g e o n  D -3 5 7  s u s t a i n e d  e x t e n s i v e  dam age t o  t h e  v i s u a l  

w u l s t  a n d  a d j o i n i n g  a r e a s  an d  w as n o t  a b l e  t o  s t a b i l i z e  i t s  

p o s t o p e r a t i v e  p e r f o r m a n c e  o r  r e g a i n  i t s  p r e o p e r a t i v e  i n t e r ­

f e r e n c e  i n d e x  w i t h i n  t h e  r e q u i r e d  n u m b e r  o f  p r e o p e r a t i v e



F i g .  2 3 . C u rv e s  o f  b e s t  f i t  f o r  t h e  n o i s e  i n t e r f e r e n c e  f u n c t i o n  f o r  

each  p ig e o n  s u s t a i n i n g  b i l a t e r a l  l e s i o n s  o f  t h e  v i s u a l  w u l s t .  S c a t t e r  

d ia g ra m s  o f  t h e  a c t u a l  d a t a  p o i n t s  o f  each  b i r d  a r e  s u p e r im p o se d  on t h e  

c u r v e  o f  b e s t  f i t  f o r  t h a t  b i r d .  Only t h e  l a s t  f i v e  p r e o p e r a t i v e  s e s s i o n s  

a r e  shown. The b a r s  p l a c e d  b e tw een  t h e  p r e -  and p o s t o p e r a t i v e  f u n c t i o n s  

r e p r e s e n t  t h e  c o n f i d e n c e  i n t e r v a l  o b t a i n e d  f o r  t h e  mean i n t e r f e r e n c e  in d e x  

o b t a i n e d  d u r in g  p r e o p e r a t i v e  s t a b i l i t y  p e r f o r m a n c e .  The b a r s  s u p e r im p o se d  

on t h e  p o s t o p e r a t i v e  f u n c t i o n  r e p r e s e n t  t h e  c o n f i d e n c e  i n t e r v a l  o b t a i n e d  

f o r  t h e  mean i n t e r f e r e n c e  in d e x  o b t a i n e d  d u r in g  t h e  f i r s t  f i v e  d ay s  o f  

p o s t o p e r a t i v e  t e s t i n g .
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s e s s i o n s .  H o w e v e r ,  D -3 5 7 * 3 o v e r a l l  p o s t o p e r a t i v e  d i s c r i m i n a ­

t i o n  p e r f o r m a n c e  was c o n s i d e r a b l y  b e t t e r  t h a n  t h a t  o f  b i r d s  

s u f f e r i n g  e x t e n s i v e  o r  m o d e r a t e  i n j u r y  o f  e c t o s t r i a t u m .

P ig e o n  D -409 a l s o  s u s t a i n e d  dam age w h ich  e x t e n d e d  from  

v i s u a l  w u l s t  t o  e c t o s t r i a t u m .  D -409  a l s o  w as n o t  a b l e  t o  

r e g a i n  i t s  p r e o p e r a t i v e  i n d e x  l e v e l .  B u t  l i k e  D -3 5 7 ,  D -409 

p e r f o r m e d  b e t t e r  t h a n  p i g e o n s  i n  t h e  e c t o s t r i a t e  g r o u p  s i n c e  

i t  was a b l e  t o  im p ro v e  i t s  i n d e x  w i t h  p r o t r a c t e d  r e t r a i n i n g .

P i g e o n  D -4 0 5 ,  w i t h  a  m in im a l  i n v a s i o n  o f  t h e  v e n t r a l  

h y p e r s t r i a t u m  t h a t  u n d e r c u t  t h e  v i s u a l  w u l s t ,  was a b l e  t o  

r e g a i n  i t s  p r e o p e r a t i v e  i n d e x  l e v e l  i n  c o n s i d e r a b l y  f e w e r  

p o s t o p e r a t i v e  t r i a l s .

P i g e o n  D -358  h a d  a  s i m i l a r  t y p e  l e s i o n  an d  w as a b l e  t o  

r e a c h  i t s  r a n g e  o f  s t a b l e  p r e o p e r a t i v e  i n d e x e s  w i t h i n  t h e  

f i r s t  5 p o s t o p e r a t i v e  s e s s i o n s .

F o r  a l l  t h e  m ix ed  l e s i o n  c a s e s ,  t h e  d i f f e r e n c e s  b e tw e e n  

t h e  n o i s e  i n d e x e s  o b t a i n e d  f o r  t h e  l a s t  5 p r e o p e r a t i v e  s e s ­

s i o n s  and  t h e  f i r s t  5 p o s t o p e r a t i v e  s e s s i o n s  w e re  s i g n i f i ­

c a n t  a t  t h e  . 0 5  l e v e l  o f  c o n f i d e n c e .  H o w e v e r ,  t h e  d i f f e r e n c e  

b e tw e e n  t h e  f i n a l  p r e o p e r a t i v e  an d  p o s t o p e r a t i v e  i n d e x e s  w e re  

n o t  s i g n i f i c a n t  ( s e e  T a b l e  5 and  F i g .  2 4 ) .

C o n t r o l  L e s i o n  R e s u l t s

B oth  p i g e o n s  D -412  and  D -464  w i t h  s l i ^ i t  t o  m o d e r a te  

l e s i o n s  o f  c a u d a l  n e o s t r i a t u m  a l s o  m e t  p r e o p e r a t i v e  s t a b i l i t y



F i g .  2 4 .  C u rv e s  o f  b e s t  f i t  f o r  n o i s e  i n t e r f e r e n c e  f u n c t i o n  f o r  

e ach  p i g e o n  i n  t h e  m i x e d - l e s i o n  g r o u p .  S c a t t e r  d ia g r a m s  o f  t h e  a c t u a l  

d a t a  p o i n t s  o f  e a c h  b i r d  a r e  s u p e r im p o s e d  on t h e  l i n e  o f  b e s t  f i t  f o r  

t h a t  b i r d .  Only t h e  l a s t  f i v e  p r e o p e r a t i v e  s e s s i o n s  a r e  show n. The b a r s  

p l a c e d  b e tw e e n  t h e  p r e -  and  p o s t o p e r a t i v e  f u n c t i o n s  r e p r e s e n t  t h e  c o n f i d e n c e  

i n t e r v a l  o b t a i n e d  f o r  t h e  mean p r e o p e r a t i v e  s t a b i l i t y  p e r f o r m a n c e .  The 

b a r s  s u p e r im p o s e d  on t h e  p o s t o p e r a t i v e  f u n c t i o n  r e p r e s e n t  t h e  c o n f i d e n c e  

i n t e r v a l  o b t a i n e d  d u r i n g  t h e  f i r s t  f i v e  d a y s  o f  p o s t o p e r a t i v e  t e s t i n g .
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F i g ,  25* C u rv e s  o f  b e s t  f i t  f o r  t h e  n o i s e  i n t e r f e r e n c e  f u n c t i o n  

f o r  ea c h  p i g e o n  i n  t h e  c o n t r o l  g r o u p .  S c a t t e r  d ia g ra m s  o f  t h e  a c t u a l  

d a t a  p o i n t s  o f  e a c h  b i r d  a r e  s u p e r im p o s e d  on t h e  l i n e  o f  b e s t  f i t  f o r  

t h a t  b i r d .  Only t h e  l a s t  f i v e  p r e o p e r a t i v e  s e s s i o n s  a r e  show n. The b a r s  

p l a c e d  b e tw e e n  t h e  p r e -  and  p o s t o p e r a t i v e  f u n c t i o n s  r e p r e s e n t  t h e  c o n f i d e n c e  

i n t e r v a l  o b t a i n e d  f o r  t h e  mean p r e o p e r a t i v e  s t a b i l i t y  p e r f o r m a n c e .  The 

b a r s  s u p e r im p o s e d  on  t h e  p o s t o p e r a t i v e  f u n c t i o n  r e p r e s e n t  t h e  c o n f i d e n c e  

i n t e r v a l  o b t a i n e d  f o r  t h e  mean i n t e r f e r e n c e  in d e x  o b t a i n e d  d u r i n g  t h e  

f i r s t  f i v e  d a y s  o f  p o s t o p e r a t i v e  t e s t i n g  o r  r e t e n t i o n  t e s t i n g .
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r a n g e s  w i t h i n  t h e  f i r s t  5 p o s t o p e r a t i v e  s e s s i o n s  ( F i g .  2 5 ) .  

t - t e s t s  o f  c o u r s e  show ed  no  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  

p r e -  and  p o s t o p e r a t i v e  s t a b i l i t y  m eans  ( s e e  T a b l e  5 ) .

Summary o f  R e s u l t s

F i g u r e  2 6  p r e s e n t s  a  sum m ary o f  t h e  i n i t i a l  and  f i n a l  

d i f f e r e n c e s  t h a t  w e r e  o b s e r v e d  i n  t h e  n o i s e  i n t e r f e r e n c e  i n d e x  

a f t e r  t e l e n c e p h a l i c  l e s i o n s .  A l l  b i r d s  w i t h  e c t o s t r i a t a l  

dam age d i s p l a y e d  c o n s i d e r a b l e  l o s s e s  i n  n o i s e  t o l e r a n c e  

d u r i n g  t h e  i n i t i a l  p o s t o p e r a t i v e  s e s s i o n s .  P e r m a n e n t  d e f i c i t s  

i n  t h e  n o i s e  i n t e r f e r e n c e  i n d e x  w e r e  a p p a r e n t  i n  t h o s e  3 b i r d s  

w h ic h  m a n i f e s t e d  b i l a t e r a l  an d  s y m m e t r i c a l  d e g e n e r a t i o n  o f  

r o t u n d u s  ( D - 3 5 5 .  D - 4 0 8 ,  D - W f ) .

T h o se  c a s e s  h a v i n g  a  c o m b i n a t i o n  o f  e c t o s t r i a t e ,  v i s u a l  

w u l s t  an d  v e n t r a l  h y p e r s t r i a t e  l e s i o n s  ( D - 3 5 7 .  D -4 0 9 )  a l s o  

show ed  c o n s i d e r a b l e  l o s s e s  i n i t i a l l y .  H o w e v e r ,  D -409  r e a c h e d  

i t s  p r e o p e r a t i v e  r a n g e  o f  n o i s e  t o l e r a n c e  by  t h e  end  o f  p o s t ­

o p e r a t i v e  t e s t i n g !  w h e r e a s ,  D -3 5 7  showed a  p e r m a n e n t  d e f i c i t  

a t  t h e  end  o f  p o s t o p e r a t i v e  t e s t i n g .

T h o s e  c a s e s  w h ic h  s u f f e r e d  d e a f f e r e n t a t i o n  o f  t h e  v i s u a l  

w u l s t  ( D -^ 0 5  a n d  D -5 3 8 )  v i a  d am ag e  t o  HV g a v e  a  s i m i l a r  p o s t ­

o p e r a t i v e  p e r f o r m a n c e .  B o th  sh o w ed  i n i t i a l  d e f i c i t s  b u t  no 

p e r m a n e n t  d e f i c i t s .

Two o u t  o f  t h r e e  b i r d s  s u s t a i n i n g  v i s u a l  w u l s t  i n j u r y  d i d  

show  i n i t i a l  d e f i c i t s  b u t  d i d  n o t  show  a n y  p e r m a n e n t  i m p a i r m e n t .



F i g .  2 6 .  A summary o f  p r e -  and  p o s t o p e r a t i v e  b e h a v i o r a l  r e s u l t s  

f o r  a l l  g r o u p s .  I n  t h e  u p p e r  g r a p h  t h e  mean o f  t h e  s t a b l e  p r e o p e r a t i v e  

i n t e r f e r e n c e  i n d e x  i s  com pared  w i th  t h e  i n t e r f e r e n c e  i n d e x  o b t a i n e d  d u r i n g  

t h e  f i r s t  f i v e  p o s t o p e r a t i v e  s e s s i o n s .  I n  t h e  lo w e r  g r a p h  t h e  mean p r e ­

o p e r a t i v e  i n d e x  i s  com pared  w i th  t h e  i n d e x  o b t a i n e d  d u r i n g  t h e  f i n a l  f i v e  

d a y s  o f  p o s t o p e r a t i v e  t e s t i n g .
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T he  o p e r a t e d  c o n t r o l s ,  i . e . ,  t h e  2 p i g e o n s  w i th  c a u d a l  

n e o s t r i a t a l  i n j u r y ,  p e r f o r m e d  l i k e  t h e  n o r m a l  c o n t r o l  (D -^ f lO ) , 

i . e . ,  t h e y  d i d  n o t  show  a n y  i n i t i a l  o r  p e r m a n e n t  d e f i c i t .

As c a n  h e  s e e n  i n  F i g u r e  2 6 ,  t h e  l a r g e s t  i n i t i a l  and  

p e r m a n e n t  d e f i c i t s  w e re  d i s p l a y e d  by  t h o s e  p i g e o n s  t h a t  s u f ­

f e r e d  damage t o  t h e  e c t o s t r i a t u m .
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DISCUSSION

E x p e r im e n t  I I  h a s  show n t h a t  p i g e o n s  w i th  m o d e r a t e  t o  

l a r g e  e c t o s t r i a t e  l e s i o n s  (D -355*  D -4 0 8 ,  D -2 7 3 )  c a n n o t  

r e t a i n  a  v i s u a l  d i s c r i m i n a t i o n  o f  p a t t e r n s  p r e s e n t e d  s u c ­

c e s s i v e l y  h u t  a r e  o n l y  a b l e  t o  r e l e a r n  t h e  d i s c r i m i n a t i o n  

w i t h  p r o t r a c t e d  r e t r a i n i n g  ( s e e  T a b l e  3 ) •  T h i s  r e s u l t  i s  

c o n s i s t e n t  w i t h  t h o s e  r e p o r t s  o f  p r e v i o u s  e f f e c t s  o f  e c t o ­

s t r i a t e  l e s i o n s  on  p a t t e r n  d i s c r i m i n a t i o n  (H odos  & K a r t e n ,  

1 9 7 0 ) .  T he  sam e r e s u l t  i s  t r u e  o f  p i g e o n s  t h a t  e x h i b i t e d  

c o m b i n a t i o n s  o f  e c t o s t r i a t u m ,  v i s u a l  w u l s t  an d  v e n t r a l  h y p e r -  

s t r i a t u m  l e s i o n s  (D -3 5 7 ,  D - 4 0 9 ) .  C o n v e r s e l y ,  tw o o u t  o f  

t h r e e  p i g e o n s  w i t h  m o d e r a t e  t o  e x t e n s i v e  i n j u r y  o f  v i s u a l  

w u l s t  (D -5 3 7 ,  D -5 2 0 )  p e r f o r m e d  a s  w e l l  a s  t h e  u n o p e r a t e d  

p i g e o n  ( D - 4 1 0 ) ,  i . e . ,  t h e y  e x h i b i t e d  p e r f e c t  r e t e n t i o n .  T he 

p i g e o n s  w i th  s l i g h t  dam age o f  o n l y  c a u d a l  n e o s t r i a t u m  o r  

v e n t r a l  h y p e r s t r i a t u m  a l s o  e x h i b i t e d  p e r f e c t  r e t e n t i o n .  T h u s ,  

t h e  f o r e g o i n g  r e s u l t s  s u p p o r t  t h e  l o n g  s t a n d i n g  c o n c l u s i o n  

t h a t  l e s i o n s  o f  e c t o s t r i a t u m  p r o d u c e  a  s e v e r e  im p a i r m e n t  on 

c o a r s e  m e a s u r e s  o f  p a t t e r n  d i s c r i m i n a t i o n ,  w h i l e  e x t e n s i v e  

dam age o f  t h e  v i s u a l  w u l s t  o r  c a u d a l  n e o s t r i a t u m  y i e l d s  l i t t l e  

o r  no p e r f o r m a n c e  d e f i c i t  on c o a r s e  m e a s u r e s  o f  p a t t e r n  d i s ­

c r i m i n a t i o n .  Y e t ,  when a n  e x t e n s i v e  l e s i o n  o f  t h e  v i s u a l  

w u l s t  i s  co m b in ed  w i t h  a  m in im a l  l e s i o n  o f  t h e  e c t o s t r i a t u m  

( D - 3 5 7 ) » a  p e r f o r m a n c e  d e f i c i t  t h a t  i s  e q u a l  t o  o r  g r e a t e r  

i n  m a g n i tu d e  r e s u l t s  t h a n  w ould  o c c u r  w i t h  e c t o s t r i a t a l  i n j u r y
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alone. This finding also confirms those found in earlier 
studies of the effects of combined tectofugal and thalamo- 
fugal pathway lesions on coarse intensity and pattern dis­
criminations (Hodos, Karten & Bonbrigit, 1973i Jarvis, 197*0.
Even so, all pigeons in the present study were able to reac­
quire the coarse pattern discrimination regardless of the 
lesion locus. This finding was also expected since it had
been decided earlier that the coarse discrimination method of
assessing visual impairments was too insensitive to subtle 
visual defects to reveal permanent deficits (Hodos & Bonbright, 
197*0. Therefore, in the present study, a more challenging 
test of visual pattern processing was devised in which the 
channel capacity of the pigeon visual system for pattern dis­
crimination was measured. A pattern recognition paradigm was 
employed in which the pigeons were systematically forced to 
recognize and distinguish the same patterns used in the coarse 
discrimination when they were embedded in increasing percent­
ages of background noise. The pattern recognition paradigm 
was employed rather than a discrimination learning paradigm 
in order to achieve a controlled situation in which the pigeons’ 
behavior was not a function of discrimination learning, i.e., 
familiarity with pattern complexes, but of the discriminal 
difficulty of the pattern complex.

Table 5 shows the initial and final differences that were 
observed in the visual channel capacity for pattern and noise
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a s  i n d i c a t e d  by t h e  n o i s e  i n t e r f e r e n c e  i n d e x .  P o s t o p e r a -  

. t i v e l y ,  a l l  b i r d s  w i th  l e s i o n s  o f  e c t o s t r i a t u m  d i s p l a y e d  

l o s s e s  i n  n o i s e  t o l e r a n c e  d u r i n g  t h e  i n i t i a l  p o s t o p e r a t i v e  

s e s s i o n s .  M o re o v e r ,  p e r m a n e n t  d e f i c i t s  i n  t h e  n o i s e  i n t e r ­

f e r e n c e  i n d e x  w e re  a p p a r e n t  i n  t h o s e  b i r d s  h a v i n g  e c t o s t r i a t a l  

l e s i o n s  w h ic h  t r a n s e c t e d  t h e  t h a l a m o f r o n t a l  t r a c t  and  in d u c e d  

s e c o n d a r y  d e g e n e r a t i o n  o f  r o t u n d a s  i n  t h e  t h a l a m u s  (D -355»  

D -^ 0 8 ,  As show n i n  F i g u r e  22, t h e  b e s t  f i t t i n g  f u n c ­

t i o n s  f o r  a l l  s u b j e c t s  w i t h  dam age o f  e c t o s t r i a t u m  w e re  l i n e a r .  

T h i s  w as  n o t  t r u e  o f  t h e  p r e o p e r a t i v e  f u n c t i o n s ,  w h e re  3 o u t  

o f  ^  w e re  h y p e r b o l i c .  T h i s  c h a n g e  i n  r e s p o n s e  i s  n o t e w o r t h y  

i n  v ie w  o f  t h e  a s s u m p t i o n s  o f  s i g n a l  d e t e c t i o n  an d  n e u r a l  

q u a n tu m  t h e o r y  ( B a r lo w ,  1961* G re e n  & S w e ts ,  1 9 6 6 ) .  T h u s ,  one 

may be  t e m p te d  t o  s p e c u l a t e  t h a t  t h e s e  l i n e a r  f u n c t i o n s  a r e  

r e s p o n s e s  t o  an  o v e rw h e lm in g  a d d i t i o n  o f  i n t e r n a l  n o i s e  im p o se d  

on t h e  b i r d " s  v i s u a l  s y s te m  by e c t o s t r i a t a l  l e s i o n s .  The 

s l o p e s  o f  t h e s e  l i n e a r  f u n c t i o n s  i n  3 o u t  o f  4  c a s e s  d i d  n o t  

d i f f e r  s i g n i f i c a n t l y  f ro m  0 e v e n  th o u g h  t h e  p o s t o p e r a t i v e  t e s t  

s e s s i o n s  w e re  n u m e ro u s .  T h u s ,  i n c r e a s i n g  t h e  p r a c t i c e  h a d  no 

e f f e c t  upon  t h e  e f f i c i e n c y  o f  n o i s e - e m b e d d e d  p a t t e r n  d i s c r i m ­

i n a t i o n ,  s u g g e s t i n g  t h a t  s e v e r e  e c t o s t r i a t a l  l e s i o n s  l i m i t  

t h e  am oun t o f  p a t t e r n  i n f o r m a t i o n  t h a t  c a n  be  t r a n s m i t t e d  o r  

t h a t  p i g e o n s  w i th  s e v e r e  d i s r u p t i o n  o f  t h e  t e c t o f u g a l  p a th w a y s  

a r e  u n a b l e  t o  h a b i t u a t e  t o  v i s u a l  n o i s e  o r  s u p p r e s s  t h e  e f f e c t s  

o f  v i s u a l  n o i s e  s t i m u l a t i o n .  T he f a c t  t h a t  p r a c t i c e  h a s  v e r y
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l i t t l e  e f f e c t  i n  d e c r e a s i n g  t h e  n o i s e  i n t e r f e r e n c e  i n d e x  

f i r m l y  e s t a b l i s h e s  t h a t  e c t o s t r i a t a l  l e s i o n s  a d v e r s e l y  a f f e c t  

t h e  a c c u r a c y  o f  v i s u a l  p a t t e r n  p r o c e s s i n g  a n d  t h a t  t h e  am o u n t 

o f  t h i s  e f f e c t  i s  a  f u n c t i o n  o f  t h e  am o u n t o f  n o i s e  ( e x t e r n a l  

a n d  i n t e r n a l )  t h a t  i s  p r e s e n t .

H o w e v e r ,  v i s u a l  w u l s t  i n j u r y  s e e m s  t o  h a v e  no  e f f e c t  on 

t h e  d i s c r i m i n a t i o n  o f  n o i s e - e m b e d d e d  p a t t e r n s .  I n  s p i t e  o f  

t h e  g r e a t e r  d i s c r i m i n a l  d i f f i c u l t y  im p o se d  by t h e  n o i s e  b a c k ­

g r o u n d s ,  t h e  p i g e o n s  h a v i n g  m o d e r a t e  t o  e x t e n s i v e  v i s u a l  w u l s t  

dam age show ed l i t t l e  i f  an y  i n i t i a l  i m p a i r m e n t  an d  no  p e rm a n ­

e n t  d e f i c i t s .  T h e i r  l e s i o n s  w e re  a s  l a r g e  a s  t h o s e  o f  s e v e r e ­

l y  i m p a i r e d  p i g e o n s  i n  t h e  e c t o s t r i a t e  g r o u p .  M o r e o v e r ,  t h e  

b e s t  f i t t i n g  f u n c t i o n s  w e re  h y p e r b o l i c  f o r  t h o s e  p i g e o n s  w i t h  

v i s u a l  w u l s t  d am ag e .  T h e r e f o r e ,  t h e  n o i s e  i n t e r f e r e n c e  i n d e x  

d e c r e a s e d  s h a r p l y  a n d  q u i c k l y  r e a c h e d  t h e  p r e o p e r a t i v e  l e v e l .  

T h i s  q u i c k  r e c o v e r y  t o  p r e o p e r a t i v e  l e v e l s  o f  p e r f o r m a n c e  

s u g g e s t s  t h a t  p i g e o n s  w i t h  v i s u a l  w u l s t  dam age a r e  a b l e  t o  

b e h a v e  l i k e  n a i v e ,  i n t a c t  p i g e o n s ,  i . e . ,  t h e y  a r e  a b l e  ( w i t h  

p r a c t i c e )  t o  h a b i t u a t e  o r  s u p p r e s s  t h e  e f f e c t s  o f  v i s u a l  n o i s e  

s t i m u l a t i o n  u n t i l  t h e  n o r m a l  c h a n n e l  c a p a c i t y  f o r  v i s u a l  n o i s e  

t o l e r a n c e  i s  r e a c h e d .  T h u s ,  i t  w o u ld  a p p e a r  t h a t  i n c r e a s i n g  

t h e  d i s c r i m i n a l  d i f f i c u l t y  o f  a  l e a r n e d  p a t t e r n  d i s c r i m i n a t i o n  

by e m b e d d in g  i t  i n  i n c r e a s i n g  a m o u n ts  o f  b a c k g r o u n d  n o i s e  

y i e l d s  a  t e s t  w h ic h  s p e c i f i c a l l y  r e v e a l s  v i s u a l  d e f e c t s  r e ­

s u l t i n g  f ro m  t e c t o f u g a l  d i s r u p t i o n .
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T h o s e  p i g e o n s  w h ich  s u s t a i n e d  a  c o m b i n a t i o n  o f  e c t o ­

s t r i a t e ,  v i s u a l  w u l s t  and  v e n t r a l  h y p e r s t r i a t e  l e s i o n s  (D -3 5 7 ,  

D -^ 0 9 )  a l s o  show ed c o n s i d e r a b l e  l o s s e s  i n i t i a l l y .  H o w e v e r ,  

D-U09 r e a c h e d  i t s  p r e o p e r a t i v e  r a n g e  o f  n o i s e  t o l e r a n c e  by t h e  

end o f  p o s t o p e r a t i v e  t e s t i n g ;  w h e r e a s ,  D -357  show ed a  p e r m a n e n t  

d e f i c i t  a t  t h e  en d  o f  p o s t o p e r a t i v e  t e s t i n g .  S i n c e  t h e  e v i ­

d e n c e  i n  t h i s  s t u d y  and  i n  a  p r e v i o u s  s t u d y  (H o d o s ,  K a r t e n  4  

B o n b r i g h t ,  1973)  h a s  e s t a b l i s h e d  t h a t  e x t e n s i v e  l e s i o n s  i n  t h e  

t h a l a m o f u g a l  p a th w a y  y i e l d  l i t t l e  o r  no d e f i c i t s  i n  c o a r s e  

p a t t e r n  d i s c r i m i n a t i o n  t a s k s ;  t h e  b e h a v i o r a l  d i f f e r e n c e s  e x h i b ­

i t e d  by  D -^09  a n d  D -357  a r e  m o s t  l i k e l y  d u e  t o  d i f f e r e n c e s  i n  

v e n t r a l  h y p e r s t r i a t e  i n v o l v e m e n t  s i n c e  b o th  b i r d s  s u f f e r e d  o n l y  

m in im a l  e c t o s t r i a t e  damage w i t h  D -357  s h o w in g  l e s s  dam age t o  

e c t o s t r i a t u m  t h a n  D-U0 9 .

O n g o in g  s t u d i e s  o f  t h e  e f f e c t s  o f  v i s u a l  w u l s t  l e s i o n s  

on v i s u a l  a c u i t y  (H o d o s ,  e t  a l . ,  i n  p r e p )  p r o v i d e  c o r r o b o r a ­

t i v e  e v i d e n c e .  H o d o s  ( p e r s o n a l  c o m m u n ic a t io n )  e x p l a i n s  t h a t  

d e f i c i t s  i n  v i s u a l  a c u i t y  a r e  o n ly  a p p a r e n t  when w u l s t  damage 

i n c l u d e s  v e n t r a l  h y p e r s t r i a t u m  a s  w e l l  a s  IHA an d  HD. No 

a c u i t y  l o s s e s  a r e  e v i d e n t  when damage i s  r e s t r i c t e d  t o  IHA 

and  HD p o r t i o n s .  I n  a d d i t i o n ,  P r i t z ,  Mead an d  N o r t h c u t t  ( 1 9 7 0 )  

r e p o r t e d  t h a t  v i s u a l  w u l s t  l e s i o n s  w h ic h  e n c r o a c h e d  on v e n t r a l  

h y p e r s t r i a t u m  r e n d e r e d  i n i t i a l  d e f i c i t s  i n  p a t t e r n  an d  i n t e n ­

s i t y  d i s c r i m i n a t i o n .  W h ile  T uge  an d  S h im a (1 9 5 9 )  r e p o r t e d  

t h a t  c o m p le t e  a b l a t i o n  o f  t h e  d o r s a l  c o r t i c o i d  a r e a s  i n  c o m b in -
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a t i o n  w i th  a n  a l m o s t  c o m p le t e  d e s t r u c t i o n  o f  t h e  h y p e r s t r i -  

a t a l  c o m p lex  p r o h i b i t s  d i s c r i m i n a t i o n  o f  r e d  and  w h i l e  l i g h t .  

F u r t h e r  e v i d e n c e  h a s  b e e n  r e p o r t e d  by  Z e i g l e r  (1 9 6 3 )  who 

d e m o n s t r a t e d  t h a t  l e s i o n s  o f  t h e  h y p e r s t r i a t u m  w h ic h  i n c l u d e  

b o t h  v i s u a l  w u l s t  and  v e n t r a l  h y p e r s t r i a t u m  a r e a s  p r o d u c e  

s i g n i f i c a n t  d e f i c i t s  i n  b o th  l e a r n i n g  an d  r e t e n t i o n  o f  p a t t e r n  

a n d  b r i g h t n e s s  d i s c r i m i n a t i o n .

O ngo ing  a n a t o m i c a l  s t u d i e s  a l s o  i m p l i c a t e  t h e  v e n t r a l  

h y p e r s t r i a t u m  i n  v i s u a l  f u n c t i o n .  H odos a n d  W est ( i n  p r e p )  

h a v e  d e m o n s t r a t e d  by  m eans  o f  a u t o r a d i o g r a p h y ,  a  f i b e r  p r o ­

j e c t i o n  f ro m  t h e  p e r i e c t o s t r i a t a l  b e l t  t o  t h e  v e n t r a l  h y p e r -  

s t r i a t u m .  R i t c h i e  ( 1 9 7 9 )  i n j e c t e d  h o r s e r a d i s h  p e r o x i d a s e  i n t o  

t h e  h y p e r s t r i a t u m  v e n t r a l e  and  f o u n d  l a b e l e d  c e l l s  i n  t h e  

p e r i e c t o s t r i a t a l  b e l t ,  a n d  i n  t h e  n e o s t r i a t u m  w h ich  c a p s  t h e  

r o s t r a l  p o l e  o f  e c t o s t r i a t u m .

Some r e s u l t s  o f  t h e  p r e s e n t  s t u d y  o f f e r  s u p p o r t  f o r  t h e  

h y p o t h e s i s  t h a t  v e n t r a l  h y p e r s t r i a t e  dam age i n d u c e s  i m p a i r ­

m e n ts  i n  d i s c r i m i n a t i o n  o f  em bedded  s t i m u l i  ( s e e  T a b l e  2 ) .

T he m ore dam age a  p i g e o n  s u f f e r e d  i n  t h e  v e n t r a l  h y p e r s t r i a ­

tu m ,  t h e  m o re  s e v e r e  i t s  d e f i c i t  i n  d i s c r i m i n a t i n g  p a t t e r n s  

em bedded i n  v i s u a l  n o i s e .  T h u s ,  t h e  s l i g h t  damage t o  h y p e r ­

s t r i a t u m  v e n t r a l e  a p p a r e n t  i n  p i g e o n s  D -3 5 8 .  D -405  an d  D -5 2 0 ,  

w h ic h  a l s o  m a n i f e s t e d  l e s i o n s  i n  o t h e r  t l e n c e p h a l i c  a r e a s  a s  

l a r g e  o r  l a r g e r  t h a n  t h o s e  o f  s e v e r e l y  i m p a i r e d  p i g e o n s  i n  

t h e  e c t o s t r i a t e  g ro u p  d i d  n o t  i n d u c e  any  p e r m a n e n t  d e f i c i t s
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i n  v i s u a l  n o i s e  t o l e r a n c e  d u r i n g  p a t t e r n  d i s c r i m i n a t i o n .

B u t r a t h e r ,  a  d e f i c i t  i n  v i s u a l  n o i s e  t o l e r a n c e  i s  d e t e r m in e d  

by a  s p e c i f i c  i n j u r y  o f  e c t o s t r i a t u m  o r  p e r h a p s  v e n t r a l  h y p e r -  

s t r i a t u i n .
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. GENERAL DISCUSSION

E x p e r i m e n t  I  c l e a r l y  d e m o n s t r a t e d  a  b a s i c  l i m i t a t i o n  

o f  t h e  i n t a c t  a v i a n  v i s u a l  sy s te m *  I t  c a n  p r o c e s s  n o i s e -  

em bedded  f i g u r e s  u n t i l  t h e  s y s t e m  i s  o v e r l o a d e d  by e x t e r n a l  

n o i s e .  T h a t  i s ,  t h e  v i s u a l  c h a n n e l  c a p a c i t y  f o r  a c c u r a t e l y  

p r o c e s s i n g  p a t t e r n  i n f o r m a t i o n  w as f o u n d  t o  b e  l i m i t e d  by  

t h e  a m o u n t  o f  s i m u l t a n e o u s  b a c k g r o u n d  n o i s e  t h a t  c o u l d  b e  

p r o c e s s e d .  T h u s ,  c o r r e c t  p a t t e r n  d i s c r i m i n a t i o n  w as  n o t  

much b e t t e r  t h a n  c h a n c e  w hen t h e  p a t t e r n s  w e re  em bedded  I n  

m ore  t h a n  50?S-75% n o i s e .

E x p e r i m e n t  I I  d e m o n s t r a t e d  t h a t  t h e  i n t e g r i t y  o f  t h e  

t e c t o f u g a l  p a th w a y  i s  n e c e s s a r y  f o r  p i g e o n s  t o  v i s u a l l y  d i s ­

c r i m i n a t e  t w o - d i m e n s i o n a l  p a t t e r n s  t h a t  a r e  em bedded  i n  

m o d e r a t e  a m o u n ts  o f  s t a t i c  n o i s e .  T h i s  c o n c l u s i o n  i s  j u s t i ­

f i e d  s i n c e  p i g e o n s  w i t h  l e s i o n s  o f  t h e  t h a l a m o f u g a l  p a th w a y  

d e m o n s t r a t e  p e r f e c t  r e t e n t i o n  w hen d i s c r i m i n a t i n g  p a t t e r n s  

a g a i n s t  a  n o i s y  s o u r r o u n d *  w h e r e a s ,  b i r d s  s u f f e r i n g  t e c t o ­

f u g a l  p a th w a y  i n t e r r u p t i o n  a s  a  r e s u l t  o f  i n j u r y  t o  e c t o s t r i ­

a tu m  e x h i b i t  p e r m a n e n t  d e f i c i t s *  i . e . ,  t h e y  n e v e r  a p p r o a c h  

p r e o p e r a t i v e  p e r f o r m a n c e  l e v e l s  a n d  e v e n  m in im a l  p e r c e n t a g e s  

o f  v i s u a l  n o i s e  p r o d u c e  a  m a rk e d  d e t e r i o r a t i o n  o f  v i s u a l  

d i s c r i m i n a t i o n  p e r f o r m a n c e .

T h e s e  r e s u l t s  do n o t  m a tc h  t h o s e  f o u n d  i n  p r i m a t e  s t u d i e s

i n  w h ic h  b o t h  l a t e r a l  s t r i a t e  a n d  t e m p o r a l  l e s i o n s  r e s u l t  i n  

im p a i r m e n t  i n  t h e  d i s c r i m i n a t i o n  o f  em bedded  s t i m u l i  ( B u t t e r ,
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1 9 6 9 *  1 9 7 2 ) .  As to possible interpretations of class dif­
ferences in the effects of visual system lesions on discrim­
ination of embedded figures, the quantitative difference in 
discrimination impairments obtained between pigeons with 
visual wulst and ectostriate lesions may be due to differences 
in methodology. The embedded-figures test employed in the 
present experiment systematically forced each subject to per­
form at the limits of its ability to extract information from 
a noisy stimulus channel. Thus, both the upper and lower 
limits of noise tolerance were determined for each subject.
In the previously mentioned studies of embedded pattern dis­
crimination (e.g.. Butter, 1969*  1 9 7 2 t  Atencio, et al.» 1 9 7 5 )»  

the irrelevant stimuli were not quantified and the degree of 
their interference was not systematically measured. Conse­
quently, those subjects sustaining lateral striate lesions 
may have suffered only slight decreases in noise tolerance 
that were measured as severe deficits because the embedded 
tests used probably required the full capacity of noise toler­
ance for efficient pattern discrimination.

Another explanation for the class differences observed 
in embedded-pattern discrimination may lay in differences in 
the anatomical arrangement of the visual system. Fewer inter­
connections between tectofugal and thalamofugal pathways have 
been described at telencephalic levels in the pigeon. As a 
consequence, damage to one set of pathways may not signifi-
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c a n t l y  a f f e c t  t h e  p e r f o r m a n c e  o f  t h e  o t h e r .  W h e re a s ,  t h e  

l a t e r a l  s t r i a t e  l e s i o n s  t h a t  w e re  g e n e r a l l y  i n v e s t i g a t e d  i n  

t h e  p r i m a t e  s t u d i e s  ( B u t t e r ,  1969* 1972) i n f r i n g e d  on t h e  

f o v e a l  p r e s t r i a t e  c o r t e x ,  an  a r e a  w h ich  s e n d s  f i b e r s  t o  i n f e r -  

o t e m p o r a l  c o r t e x  and  r e c e i v e s  f i b e r s  f ro m  s t r i a t e  c o r t e x .  

M o re o v e r ,  i n j u r y  o f  t h e  f o v e a l  p r e s t r i a t e  c o r t e x  h a s  p r o d u c e d  

a  m ore  s e v e r e  im p a i r m e n t  o f  v i s u a l  p a t t e r n  d i s c r i m i n a t i o n  

l e a r n i n g  and r e t e n t i o n  t h a n  h a s  i n j u r y  o f  i n f e r o t e m p o r a l  c o r ­

t e x  ( I w a i  & M is h k i n ,  1 9 6 8 t  Cowey & G r o s s ,  1 9 7 0 ) .  T h u s ,  i t  i s  

p o s s i b l e  t h a t  t h e  d e f i c i t s  i n  t e s t  p e r f o r m a n c e  shown by m onkeys 

w i t h  l a t e r a l  s t r i a t e  i n j u r y  w e re  d u e  t o  t h e  i n v a s i o n  o f  t h e  

v e n t r a l  p r e s t r i a t e  a r e a .

T he  p r e s e n t  e x p e r i m e n t  o f f e r s  e v i d e n c e  a g a i n s t  t h e  s u g ­

g e s t i o n  t h a t  t e c t o f u g a l  i m p a i r m e n t s  may b e  r e s p o n s i b l e  f o r  

memory d e f i c i t s .  T he p e r f e c t  r e t e n t i o n  o f  a n  i n t a c t  p i g e o n  

a f t e r  3 w eeks  o f  r e s t  a t t e s t s  t o  t h e  n o n im p a i rm e n t  o f  memory 

m e c h a n is m s .  M o re o v e r ,  i f  p i g e o n s  w i th  t e c t o f u g a l  l e s i o n s  s u f ­

f e r e d  a  l o s s  o f  v i s u a l  mem ory, i t  w o u ld  be  d i f f i c u l t  t o  e x p l a i n  

t h e i r  r e t e n t i o n  i n  d i s c r i m i n a t i n g  t h e  r e l e v a n t  s t i m u l i  u n d e r  

t h e  n o - n o i s e  c o n d i t i o n s  and  i n  m in im a l  n o i s e  s u r r o u n d s .  L i k e ­

w i s e ,  t h e  a d v e r s e  e f f e c t s  o f  t e c t o f u g a l  l e s i o n s  on n o i s e -  

em bedded d i s c r i m i n a t i o n  w ere  n o t  c o n fo u n d e d  w i t h  a  f a i l u r e  i n  

S-R a s s o c i a t i o n  s i n c e  t h e  p i g e o n s  s u b j e c t e d  t o  e c t o s t r i a t e  

l e s i o n s  w ere  a b l e  t o  f o l l o w  t h e  p r o p e r  s t i m u l u s - r e s p o n s e  s e ­

q u e n c e s  when t h e  p a t t e r n s  w ere  em bedded i n  m in im a l  p e r c e n t a g e s
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o f  n o i s e .  T h u s ,  t h e  f o r e g o i n g  o b s e r v a t i o n s  s t r o n g l y  s u g ­

g e s t  t h a t  t h e  t e c t o f u g a l  p a th w a y  i n  p i g e o n s  d o e s  n o t  a p p e a r  

t o  m e d i a t e  v i s u a l  memory o r  v i s u a l  a s s o c i a t i o n  b u t  r a t h e r  

a p p e a r s  t o  be  i n v o l v e d  i n  t h e  s u p p r e s s i o n  o f  i r r e l e v a n t  a s ­

p e c t s  o f  t h e  v i s u a l  w o r l d .

E x a c t l y  how t h e  t e c t o f u g a l  s y s t e m  m e d i a t e s  t h e  s u p p r e s ­

s i o n  o f  i r r e l e v a n t  b a c k g r o u n d  s t i m u l a t i o n  i s  unknow n. How­

e v e r ,  s e v e r a l  e l e c t r o p h y s i o l o g i s t 3  h a v e  s u g g e s t e d  t h a t  t h e  

w id e  r e c e p t i v e  f i e l d s ,  c h a r a c t e r i s t i c  o f  t e c t o f u g a l  a r e a s  i n  

p r i m a t e s  an d  p i g e o n s ,  a r e  s u i t e d  t o  m e c h a n ism s  o f  s e l e c t i v e  

a t t e n t i o n  ( s e e  G r o s s ,  e t  a l . ,  1969* S a l z e n  & P a r k e r ,  197*0 • 

S t i m u l u s  o r i e n t a t i o n  an d  l o c a l i z a t i o n  f u n c t i o n s  h a v e  b e e n  

a s c r i b e d  t o  t h e s e  u n i t s  s i n c e  t h e  r e c e p t i v e  f i e l d s  a r e  l a r g e  

and  m a x im a l ly  r e s p o n d  t o  m ovem ent ( s e e  G r o s s ,  1973* D o n o v an ,  

1 9 7 8 ,  f o r  r e v i e w ) .  H o w e v e r ,  t h e  r e c e p t i v e  f i e l d  t r a i t s  l i s t e d  

a b o v e  do n o t  s u g g e s t  why p i g e o n s  w i t h  t e c t o f u g a l  l e s i o n s  t h a t  

a r e  a b l e  t o  d i s c r i m i n a t e  " s t a t i c "  v i s u a l  p a t t e r n s  c a n n o t  c o n ­

t i n u e  t o  d i s t i n g u i s h  t h o s e  same p a t t e r n s  when t h e y  a r e  em bed­

ded  i n  " s t a t i c "  v i s u a l  n o i s e .

S e l e c t i v e  a t t e n t i o n  t h e o r i e s  b a s e d  on c o n c e p t s  o f  s i g n a l  

d e t e c t i o n  s u g g e s t  t h a t  n e u r a l  f i l t e r  m e c h a n ism s  d e t e r m i n e  t h e  

e f f i c i e n c y  o f  em bedded p a t t e r n  d i s c r i m i n a t i o n .  B r o a d b e n t  

(1 9 5 8 )  f i r s t  s u g g e s t e d  t h a t  a  " s e l e c t i v e  f i l t e r "  i n  t h e  b r a i n  

r e j e c t s  i r r e l e v a n t  o r  d i s t r a c t i n g  s t i m u l a t i o n  b e f o r e  i t s  

c o n t e n t  i s  f u l l y  a n a l y z e d .  T r e i s m a n  (196*+) m a i n t a i n e d  t h a t
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n e u r a l  n o i s e  r e s u l t s  when c e n t r a l  n e r v o u s  s y s t e m  t r a n s m i s ­

s i o n  p a th w a y s  a r e  a l t e r e d  an d  t h a t  t h e  r e s u l t i n g  n o i s e  i n t e r ­

f e r e s  w i t h  d i s c r i m i n a t i v e  c a p a c i t i e s .  L i k e w i s e ,  H o d o s  an d  

B o n b r i g h t  (197*0  m a i n t a i n  t h a t  o n ce  t h e  t e l e n c e p h a l i c  f i l t e r  

m ech an ism s  h a v e  b e e n  o b s t r u c t e d  o r  i n c a p a c i t a t e d  v i a  d e g e n e r ­

a t i o n  o r  a b l a t i o n ,  t h e  i r r e l e v a n t  s t i m u l a t i o n  w i l l  e n t e r  t h e  

same i n f o r m a t i o n  c h a n n e l  a s  t h e  r e l e v a n t  s t i m u l u s ,  a d d i n g  t o  

t h e  n o i s e  a l r e a d y  p r e s e n t  i n  t h a t  c h a n n e l .  T he  r e s u l t a n t  

i n c r e a s e  i n  n o i s e  w ou ld  d e c r e a s e  t h e  p e r c e p t i o n  o f  t h e  r e l e ­

v a n t  s t i m u l u s .  Some r e s u l t s  o f  t h e  p r e s e n t  s t u d y  s u p p o r t  

t h e s e  c o n t e n t i o n s  s i n c e  a f t e r  t e c t o f u g a l  d am ag e ,  t h e  p i g e o n ' s  

s u c c e s s  i n  p e r f o r m i n g  t h e  e m b e d d e d - p a t t e r n  d i s c r i m i n a t i o n  

d ro p p e d  d r a s t i c a l l y  when m o re  t h a n  12-2556 n o i s e  was a d d e d  t o  

t h e  b a c k g r o u n d .  T h u s ,  i t  w o u ld  seem  t h a t  dam age t o  t h e  t e c t o ­

f u g a l  t r a c t  i n c r e a s e s  t h e  i n t e r n a l  n o i s e  w h ich  i n  t u r n  i n d u c e s  

d i s c r i m i n a t i o n  d e f i c i t s  t o  t h e  same d e g r e e  t h a t  h i g h  p e r c e n t ­

a g e s  o f  e x t e r n a l  n o i s e  ( 75f°) i m p a i r  d i s c r i m i n a t i o n  i n  i n t a c t  

p i g e o n s .  I f  t h i s  i s  t h e  c a s e ,  t h e n  t h e  e c t o s t r i a t u m  may o p e r ­

a t e  a s  an  o p t i m a l  f i l t e r  w h ic h  im p ro v e s  t h e  p a t t e r n - t o - n o i s e  

r a t i o  by s u p p r e s s i n g  t h e  i n t e r f e r i n g  e f f e c t s  o f  b a c k g r o u n d  

n o i s e .  T h i s  was n o t  t h e  c a s e  when t h e  v i s u a l  w u l s t  was d am ag ed .  

C o n t r a r y  t o  t h e  p r e d i c t i o n s  o f  H odos  a n d  B o n b r i g h t  (197*+), t h e  

v i s u a l  c h a n n e l  c a p a c i t y  d i d  n o t  c h a n g e  i n  p i g e o n s  w i t h  l e s i o n s  

r e s t r i c t e d  t o  t h e  v i s u a l  w u l s t .  T h u s ,  t h e  v i s u a l  w u l s t  d o e s  

n o t  seem  t o  o p e r a t e  a s  an  o p t i m a l  f i l t e r  t o  im p ro v e  t h e  s i g n a l -
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t o - n o i s e  r a t i o  d u r i n g  v i s u a l  t r a n s m i s s i o n .

The a c t u a l  n e u r a l  m ech an ism  w h ic h  t h e  t e c t o f u g a l  s y s te m  

im p le m e n ts  t o  s u p p r e s s  v i s u a l  n o i s e  w as n o t  s u g g e s t e d  by t h e  

f i l t e r  t h e o r i e s .  B u t  a s  m e n t io n e d  e a r l i e r ,  a  l i k e l y  c a n d i ­

d a t e  w o u ld  b e  a  l a t e r a l  i n t e r a c t i v e  m e c h a n is m .  T he a n a t o m i c a l  

a r r a n g e m e n t  o f  t h e  p i g e o n  r e t i n a  i s  c o n d u c iv e  t o  a  h i g h  f r e ­

q u e n c y  o f  l a t e r a l  i n t e r a c t i o n  d u r i n g  v i s u a l  p r o c e s s i n g  ( s e e  

D o n o v an ,  1 9 7 8 ) .  T h u s ,  t h e  i n j u r y  o f  t h e  w i d e - f i e l d  e c t o s t r i ­

a t a l  c e l l s  c o u l d  h a v e  a l t e r e d  t h e  i n h i b i t o r y  m e c h a n ism s  su c h  

t h a t  c o n t o u r s  b e tw e e n  t h e  t a r g e t  s t i m u l i  and  n o i s e  b a c k g r o u n d s  

c o u l d  no l o n g e r  be e n h a n c e d .
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